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(71) We, TOYAMA CHEMICAL CO. LTD., a corporation oiganised under 
die laws of Japan, of 1—18, Kayabacbo, Nihonbashi, Chuo-ku, Tolsyo, Japan, do 
hereby declare the invention for which we pray that a patent may be granted to us and 
the method by which it is to be performed to be particularly described in and by the - 
5 following statement:— ,_5 

This invention relates to novel penicillins and cephalosporins and to a process for 
producing the same. 

The compounds of the present invention have various characteristics including a - 
broad antibacterial spectrum against Gram-positive and Gram-negative bacteria, and 

10 effective antibacterial activity particularly against Pseudomanas aeruginosa, Klebsiella 10 
pneumoniae and Proteus species. Furthermore, the compounds of the present invention 
possess high resistance to ^-lactamase produced from bacteria, and effective anti- 
bacterial activity even against clinical isolates of bacteria which are significant at present 
from the clinical standpoint. Accordingly, the compounds of the present invention are 

15 quite effective as therapeutic drugs for human and animal infectious diseases derived 15 
from the above-mentioned pathogenic microorganisms. 

It has heretofore been known that 6-acylamino penicilianic acids and 7-acylamino- 
cephalosporanic acids having an amino group at the apposition of the acyl group show 
strong antibacterial activity not only against Gram-positive bacteria but also against 

20 Gram-negative bacteria. However, there are the disadvantages that the known com- 20 
pounds described above show substantially no effective antibacterial activity against not 
only Pseudomanas aeruginosa, Klebsiella pneumoniae and Proteus species, which have 
been known as causes for clinically serious infectious diseases but also resistant bacteria 
which are frequently isolated at present from many clinical hospitals. And they tend to 

25 be hydrolyzed with ^-lactamase produced from many drug-resistant bacteria. 25 
With an aim to obtain penicillins and cephalosporins having no disadvantages 
mentioned above, the present inventors conducted extensive studies to find that novel 
compounds of formula (I) which appears hereinafter, which are prepared by bonding 
the moiety, 

rx> n 

30 A-rrK-c- 30 

wherein A, X, Y, R 8 , R a , n and m are as mentioned hereinafter, to the amino group in 
the acyl group of penicillins and cephalosporins, can sufficiently satisfy the above- 
mentioned aim and have extremely valuable therapeutic effects. 

It is an object of this invention to provide novel penicillins and cephalosporins 
35 containing a mono- or di-oxo- or thioxo-piperazino(thio)carbonylamino group in 35 
molecule. 

It is another object of this invention to provide novel penicillins and cephalosporins 
having a broad antibacterial spectrum. 

It is a further object of the invention to provide novel penicillins and cephalo- 
40 sporins having high resistance to ^-lactamase produced from bacteria. 40 
It is a still further object of the invention to provide novel penicillins and cephalo- 
sporins having effective antibacterial activity against clinical isolates of bacteria. 

It is a still further object of the invention to provide a process for producing the 
novel penicillins and cephalosporins. 
45 It is a still further object of the invention to provide a pharmaceutical composition 45 

containing the novel penicillins or cephalosporins as active ingredient. 

Other objects and advantages of this invention will become apparent from the fol- 
lowing description. _ 
The compounds of the present invention are penicillins and cephalosporins repre- ' . 
50 sentedby the general formula (I), 

A-N'TThl-C-NH-R-CONH- r --r S \ . (I) 

COOR 1 
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wherein R represents an ammo acid residue; R 1 represents a hydrogen atom, an 
ester-forming group capable of being removed by catalytic reduction, chemical reduction 
or hydrolysis under mild conditions, an ester-forming group capable of being easily 
removed by mamalium enzymic action, a silicon-, phosphorus- or tin-containing group 
which is capable of being easily removed by treatment with H 2 0 or an alcohol, or a 5 
conventional salt-forming cation, n represents 1 or 2; nX's, which may be the same or 
different, represent individually an oxygen or sulfur atom, and are linked in any com- 
bination at the 2-, 3- and 5- positions of the piperazine ring; m represents 4-n; each 
pair om R 2 and R 8 is linked to the same carbon atom, and m pairs of R* and R a , which 
may be the same or different, represent individually a hydrogen atom, a halogen atom, a 10 
carboxyl group or an unsubstituted or substituted alkyl, cycloalkyl, aryl, acyl, aralkyl, 
alkoxycarbonylalkyl, acyloxyalkyl, alkoxy, alkoxycarbonylj cycloaJkyloxycarbonyl, aralk- 
oxycarbonyl, aryloxycarbonyl, amino or carbamoyl group, any pair of R 2 and R 3 together 
with a comon carbon atom may form a cycloalkyl ring; A represents a hydrogen atom, 
a hydroxy group, a nkro group, a cyano group, or an unsubstituted or substituted alkyl, 15 
alkenyl, alkynyl, alkadienyl, cycloalkyl, cycloalkenyl, cycloalkadienyl, aryl, acyl, aralkyl, 
acyloxyalkyl, alkoxy, cycloalkyloxy, aryloxy, alkoxycarbonyl, cycloalkyloxycarbonyl, 
aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, cycloalkylsulfonyl, arylsulfonyl, carb- 
amoyl, thiocarbamoyl, acylcarbamoyl, acylthiocarbamoyl, alkylsulfonylcarbamoyl, aryl- 
sulfonylcarbamoyl, alkylsulfonylthiocarbamoyl, arylsulfonylthiocarbamoyl, sulfamoyl, 20 
alkoxycarbonylthioalkyl, alkoxythiocarbonylthioalkyl, amino or heterocyclic group; Y 
represents an oxygen or sulfur atom; and 



/ 



\ 



2 represents 




CH S 



or 




CH* 




25 



30 



formula 




35 




40 



45 



50 
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used in the field of penicillin or cephalosporin type compounds. Concretely, the block- 
ing group includes (1) ester-forming groups capable of being removed by catalytic 
reduction, chemical reduction or hydrolysis under mild conditions e.g. arylsulfonylalkyl 
groups such as toluene-sulfonylethyl, substituted or unsubstituted aralkyl groups such 
5 as benzyl, 4-nitrobenzyl, diphenylmethyl, trityl and 3^-di(tert.-butyl)-4-hydroxy- 
benzyl; substituted or unsubstituted alkyl groups such as tert.-butyl, trichloroethyl, 
phenacyl groups; alkoxyalkyl groups such as methoxymethyl; and unsubstituted or 
alkyl-substituted cyclic aminoalkyl groups such as piperidinoethyl, 4-methylpiperidino- 
ethyl, morpholinoethyl or pyrroHdinoethyl, (2) ester-forming groups capable of being 
10 easily removed owing to enzymes in a living body, e.g. acyloxyalkyl groups such as 
pivaloyloxymethyl; phthalide group; and indanyl group; (3) silicon-containing groups, 
phosphorus-containing groups and tin-containing groups which are capable of being 
easily removed by treating with H 2 0 or an alcohol, such as 



{CH 



3>*Si-, or (C 4 H fl ),Sn-, 

L <>' C 2 H 5 0 



10 



15 The examples of the blocking groups mentioned in above (1), (2) and (3) are merely 15 
typical, and other examples are disclosed in U.S. Patents 3,499,909; 3,573,296 and 
3,641,018 and DOS 2,301,014; 2,253,287 and 2,337,105 and may be used in this 
invention. The salt-forming cation includes conventional cations which have heretofore 
been known in the field of penicillin or cephalosporin type compounds, ad preferable 

20 are those capable of forming non-toxic salts. The salts include alkali metal salts such as 20 
the sodium salt or the potassium salt; alkaline earth metal salts such as the calcium salt 
or the magnesium salt; ammonium salt; and salts with nitrogen-containing organic 
bases such as procaine, dibenzylamine, N-benzyl-^-phene%lamine, 1-ephenamine, or 
N,N-dfbenzylethylenediamine. In addition to the above cations, there may be used 

25 . cations capable of forming the salts with other nitrogen-containing organic bases, such 25 
as trimerhylamine, triethylamine, tributylamine, pyridine, dimethylaniline, N-methyl- 
piper-idine, N-methylmorpholine, diethylamine, or dicyclohexylamine. Furthermore, 
the. cation includes quaternary ammonium groups formed at the 3-posMon of cephem 
ring, such as pyridinium, quinolinium, isoquinolinium and pyrimidinium. In this case, 

30 a betaine structure is formed in the molecule. 30 
In the general formula (I), m pairs of R 2 and R 3 , which may be the same or 
different represent individually, a hydrogen atom; a halogen atom such as fluorine, 
chlorine or bromine; a carboxyl group; an alkyl group such as methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl and octyl; a cycloalkyl group such as cyclopentyl, cycle- 

35 hexyl or cycloheptyl; an aryi group such asphenyl or naphthyl; an acyl group such as 35 
acetyl, propionyl, butyryl or benzoyl; an aralkyl group such as benzyl or phenethyl; an 
alkoxycarbonylalkyl group such as methoxycarbonylmethyl or ethoxycarbonylmethyl; 
an acyloxyalkyl group such as acetyloxymethyl, propionyloxymethyl, pivaloyloxymethyl 
or benzoyloxymethyl; an alkoxy group such as methoxy, ethoxy, propoxy or butoxy; an 

40 alkoxycarbonyl group such as methoxycarbonyl, ethoxycarbonyl or propoxycarbonyl; a -40 
cycloalkyloxycarbonyl group such as cyclopentyloxycarbonyl, cyclohexyloxycarbonyl or 
cydoheptylox^arbonyl; an aralkoxycarbonyl group such as benzyloxycarbonyi or 
phaietnoxycarbonyl; an aryloxycarbonyl group such as phenoxycarbonyl or naphthoxy- 
carbonyl; an amino group such as amino, N-alkylamino (e.g. N-methylamino a N-ethyl- 

45 ^^.rPW 1 ^^?^ 13 ^ 0 )^ N,N-dialkylamino (e.g. N^-dimethylamino, 45 
N^ethylammo or N,N-dibutylamino), N-acylamino (e.g. N-aatylamino, N^pro- 
pionylammo, N-butyrylamino or N-benzoylamino), and cyclic amino (e.g. pyrroHdino, 
pipendmo, or morpholino) ; and a carbamoyl group such as carbamoyl, N-methylamino- = 
carbonyl, N-ethylaminocarbonyl, N^T-dimethylaminocarbbnyl or N,N-diethylamino- 

50 cwbonyl. Further, R 2 and R 3 together with a common carbon atom may form a cyclo- "50 
alkyl ring such as a cyclopentyl, cyciohexyl or cycloheptyl group. Each of the groups 
mentioned above for said R 2 and R 3 may be substituted by various substituents, for 
example, halogen atoms, or alkyl, alkoxy, alkylthio, acyl or nitro groups. 

In the general formula (I), A represents a hydrogen atom; a hydroxy group; a 

55 nitro group, a cyano group; an altyl group such as methyl, ethyl, propyl, isopropyl, 55 
butyl, pentyl, hexyl, heptyl, octyl, or dodecyl; an alkenyl group such as vinyl, propenyl 
or butenyl; an alkynyl group such as propargyl; an alkadienyl group such as 1,3-buta- 
dienyl or 1,3-pentadienyl; a cycloalkyl group such as cyclopentyl, cyciohexyl or cyclo- 
heptyl; a cycloalkenyl group such as cyclopentenyl or cyclohexenyl; a cycloalkadienyl 
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group such as cyclopentadienyl or cyclohexadienyl; an aryl group such as phenyl or 
naphthyl; an acyl group such as formyl, acetyl, propionyl, isovaleryl, caproyl, enanthoyl, 
capryloyl, palmitoyl, stearoyl, acryloyl, q^clohexanecarbonyl, benzoyl, phenylglycyl, 
furoyl or thendyl; an aralkyl group such as benzyl or phenethyl; an acyloxyaHcyl group 
such as acetyloxyethyl, pivaloyloxymethyi or benzoyloxymethyl; an alkoxy group such 
as metboxy, ethoxy, propoxy or butoxy; a cycloalkyloxy group such as cyclopentyloxy, 
cyclohexyloxy or cycloheptyloxy; an aryloxy group such as phenoxy or naphthoxy; an 
alkoxycarbonyl group such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl or 
butoxycarbonyl; a cyctoalkyloxycarbonyl group such as cyclopentyloxycarbonyl, cyclo- . 
hexyloxycarbonyl, or cycloheptyloxycarbonyl; an aryloxycarbonyl group such as phen- 
oxycarbonyl or (1- or 2-)naphthoxycarbonyl; an aralkoxycarbonyl group such as benz- 
yloxycarbonyl or phenethoxycarbonyl; an alkylsulfonyl group such as methane sulfonyl, 
ethanesulfonyl, propanesulfonyl or butanesulfonylj a cycloalkylsulfonyl group such as 
cyclopentanesuifonyl or cyclohexanesulfonyl; an arylsulfonyl group such as benzene- 
sufonyl or (1- or 2-)naphthalenesulfonyl; a carbamoyl group such as carbamoyl, N- 
alkylaminocarbonyl (e.g. N-methylaminocarbonyl, N-ethylaniinocarbonyl, N-propyl- 
aminocarbonyl or N-outylaminocarbonyl), N-arylaxninocarbonyl (e.g. N-phenylamino- 
carbonyl), N,N-dialkylaniinocarbanyl (e.g. N,N-dimethylaminocarbonyl or N,N- 
diethylaminocarbonyl), cyclic amino carbonyl (eg. pyrrolidinocarbonyl, piperidino- 
carbonyl or morphohnocarbonyl); a thiocarbamoyi group such as thiocarbamoyi, N- 
alkylaminothiocarbonyl (e.g. N-methylaminothiocarbonyl, N-ethylaniinothiocarbonyl or 
N-propylaniinothiocarbonyl), N-arylaminothiocarbonyl (eg. N-phenylaminothio- 
carbonyl), N,N-dialkylaminothiocarbonyl (e,g. N,N-dtoethylaminothiocarbonyl or 
N,N-dietrrylarninothiocarbonyl), or cyclic aminothiocarbonyl (e.g. pyrrolidinothio- 
carbonyl, piperidinorhiocarbonyl or morpholinothiocarbonyl) ; an acylcarbamoyl group 
such as N-acetylcarbamoyl, N-propionylcarbamoyl, N-butyrylcarbamoyl, N-benzoyl- 
carbamoyl, N-furoylcaramoyl, or N-thenoylcarbamoyl; an acyhhiocarbamoyl group 
such as N-acetylthiocarbamoyl, N-propionylthiocarbamoyl, N-butyrylthiocarbamoyl, 
N-benzoylthiocarbamoyl, N-naphthoylthiocarbamoyl, N-furoylthiocarbamoyl or N- 
thenoylthiocarbamoyl); an alkylsulfonylcarbamoyl group such as methanesulfonylamino- 
carbonyl, ethanesulfonylaminocarbonyl or bumesulfonylaminocarbonyl; an arylsulfonyl- 
carbamoyl group such as benzenesulfonylarninocarbonyl or (1- or 2-)naphthalenesul- 
fonylaminocarbonyl; an alkylsulfonylthiocarbamoyl group such as methanesulfonyl- 
aminothiocarbonyL ethanesulfonylaminothiocarbonyl or butanesulfonylaminothiocarb- 
onyl; an arylsulfonylthiocarbamoyl group such as benzenesulfonylaminotJuocarbonyi or 
naphthalenesuHonylaminothiocarbonyi; a sulfamoyl group such as sulfamoyl, N-methyl- 
sulfamoyl, N-ethylsulfamoyl, N-propylsulfamoyl, N-butylsulfamoyl, N,N-dimethylsulf- 
amoy], N^-diethylsulfamoyl, N^-dipropylsulfamoyl, N^-dibtuylsulfamoyl, N- 
phenylsulfamoyl, N-benzylsulfamoyl, N-cyclopentylsulfamoyl or N-cyclohexylsulf- 
amoyl; an alkoxycarbonykhioalkyl group such as methoxycarbonylthiomethyl, ethoxy- 
carbonylthiomethyl, propoxycarbonyhhiomethyl, butoxycarbonylthiomethyl or meth- 
oxycarbonylthioethyl; an alkoxythiocarbonykhioalkyl group such as methoxythiocarb- 
onylthiomethyl, ethoxythiocarbonylthiomethyl, propoxythiocarbonylthiomethyl, butoxy- 
thiocarbonylthiomethyl or methoxythiocarbonykhioethyl ; an amino group such as 
amino, N-alkylamino (eg. N-methylamino, N-ethylamino, N-propylamino or N-butyl- 
amino), N,N-dialfylamino (eg. N,N-dimethylamino, N,N-diethylamino or N,N- 
dibutylamino), N-acylamino (eg. N-acetylamino, N-propionylamino, N-butyrylamino 
or N-benzoylamino), or cyclic amino (eg. pyrrolidino, piperidino or morpholino); or a 
heterocyclic group such as thiazolyl, pyridyl, pyridazyl, pyrazyl, thiadiazolyl, triazolyl, 
tetrazolyl or quinolyl. Each of the groups mentioned above for A in formula (I) may 
be substituted by any of such substituents as, for example, halogen atoms, hydroxyl 
groups, alkyl groups, alkoxy groups, alkylthio groups, nitro groups, cyano groups, amino 
groups (e.g. dialkylamino or cyclic amino), carboxyl groups and acyl groups. 

The quaternary ammonium groups for R* include pyridinium, quinolinium, iso- 
quinolinium and pyrimidinium. Further, the organic group which, is linked through O, 
N or S for R* includes alkoxy groups such as methoxy, ethoxy or propoxy; aryloxy 
groups such as phenoxy or naphthoxy; aralkoxy groups such as benzyloxy or phen- 
ethoxy; acyloxy groups such as acetyloxy, propionyloxy, butyryloxy, benzoyloxy, naph- 
thoyloxy, cydopentanecarbonyloxy, cyclohexanecarbonyloxy, furoyloxy or thenoyloxy; 
carbamoyioxy groups such as carbamoyloxy, N-methylaminocarbonyloxy, N,N- 
dimethylaminocarbonyloxy, N-acetylaminocarbonyloxy, phenylaminocarbonyloxy, 
benzylaminocarbonyloxy or cyclohexylaminocarbonyloxy; guanidino groups such as 
guanidino or N-methylguanidino; amino groups such as amino, N-alkylamino (e.g. N- 
methylamino, N-ethylamino, N-propylamino, N-butylamino, N-cyclohexylamino or N- 
phenylamino), N,N-dialkylamino (e.g. N,N-dimethylamino, N,N-diethylamino or 
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N,N-dibutylamino), and cyclic amino (e.g. pyrrolidino, piperidino or morpholino); 
alkylthio groups such as methylthio, etbyhhio or propylthio; aryhhio groups such as 
phenylthio or (1- or 2-)naphthylthio; aralkylthio groups such as benzylthio or phen- 
ethyhbio; acylthio groups such as acetylthio, propionyithio, butyiylthio, benzoylthio, { 

5 (1- or 2-)naphthoyfihio, cydopentanecarbonylthio, cydohexanecarbonylthio, furoyltbio, 
thenoylthio, isoihiazolecaitonylthio, isoxazolecarbonylthio, thiadiazolecarbonylthio or 
triazolecarbonylthio; thiocarbamoylthio groups such as thiocarbamoylthio, N-methyl- 
thiocaxbamoylthio, NiN-diethylthiocaibamoylthio, l-piperidino-thiocafbonyhhio, 1- 
morpholinothiocaibonyllhio or 4-methyH-piperazinothiocarbonylthio; alkoxythiocar- 

10 bonyfthio groups such as methoxythiocarbonylthio, ethoxythiocarbonylthio, propoxythio- 11 
caibonylthio or butoxythiocarbonylthio; aryloxythiocarbonylthio groups such as phen- 
oxythiocarbonylthio; qrdoalkylo^thiocarbonylthip groups such as cydohesytoxythio- 
carbonylthio; amidinothio groups such as amidinothio, N-methylamidinothio or N,N'- 
dimethylamidinothio ; and heterocyclic thio groups such as oxazolylthio, thiazolylthio, 

15 isoxazofylthio, isothiazolylthio, imidazolylthio, pyrazolylthio, pyridylthio, pyrazinylthio, 15 
pyrimidinylthio, pyridaztoyhhio, quinolytthio, isoquinolylthio, quinazolylthio, indolyl- 
" thio, indazolylthio, oxadiazolylthio, thiadiazolylthio, triazolylthio, tetrazolyhhio, tri- 
azinylthio, benanridazolylthio, benzoxazolylthio, benzothiazolylthio, triazolopyridyl- 
thio, purinylthio, pyridine- 1 -oxide-2-ylthio or pyridazine-l-oxide-6-ylthio. Each of the 

20 groups mentioned above for R 4 may be substituted by any of such substituents as, for 2C 
example, halogen atoms, alkyl groups, alkoxy groups, alkylthio groups, nitro groups, 
cyano groups, acylamino groups, acyl groups, carboxyl groups or carbamoyl groups. 

The above-mentioned compounds of formula (I) of the present invention have 
their optical isomers, and all of D-isomers, L-isomers and racemic compounds thereof 

25 axe involved in the scope of die present invention. 2 « 
In the present invention, preferable compounds of the general formula (I) are as 
follows: 
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wherein R'.R'.R*, A, R* and ^ 

Z 

/ 

are as defined above. 

The compounds of formula (I) of the present invention are produced according to 



either the process (1), (2) or (3) described below. 
Pr0C< A process comprising reacting a compound represented by the general formula 

R*-NH -R - CONH— i T S N 



0 coOR 

10 with a reactive derivative in the 

1U — G-OH 



y^z tin 



♦ 



group (hereinafter refered to as " (thio)carboxyl group") of a compound represented 
by the general foimula (HI), 

/-K 

A- N N - C - OH 

w « 

IS Process (2)* 

A process comprising reacting a compound represented by the general formula 

(IV), 

*'" hn tT s \ (iv) 



J-V 

COOR' 

with a compound represented by the general formula (V), 



A-fHKl-C -NH-R-CONH-T— A 



tVIJ 



10 



15 



tx) n 

20 A-M^">-C-NH-R-C-OH W ^ 

or with a reactive derivative in the 

— C — OH 



group (hereinafter referred to as "carboxyl group") of the compound of formula 

(V) . 

o** Process (3}t 25 
A process comprising reacting a compound represented by the general formula 

(VI) , 



8 
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with a compound represented by the general formula (VII), 

R«M (VII) 

or with a tertiary amine. 

In the above-mentioned formulas (II) to (VI), R, R 1 , R», R s , R 4 , X, m, n, A, Y 
S and 3 

\ 

y 

are as defined above; and R 7 represents a hydrogen atom, a silicon-containing group or 
a phosphorus-containing group, these silicon-containing and phosphorus-containing 
groups having the same meanings as mentioned above for R 1 . 10 

10 In the aforesaid formula (VI), B represents a substituent capable of being easily 

replaced by a nucleophilic reagent, and includes, for example, halogen atoms such as 
chlorine or bromine; lower alkanoyloxy groups such as formyloxy, acetoxy, propionyl- * 
oxy, butyryloxy or pivaloyloxy; arylcarbonyloxy groups such as benzoyloxy or naph- 
thoyloxy; arylcarbonylthio groups such as benzoylthio or naphthoylthio; carbamoyloxy 15 

15 groups; heteroaromatic amine N-oxide thio groups having a thio-group on the carbon 
atom adjacent to the N-oxide group in the molecule, such as pyridine- l-oxide-2-ylthio 
or pyridazme-l-oxide-6-ylthio. Each of die groups mentioned above for B may be sub- 
stituted by any of such substituents as, halogen atoms, nitro groups alkyl groups, alkoxy 
groups, a&ylthio groups or acyl groups. 20 

20 In formula (VII}, R 8 represents a cyano group, an azido group or an organic 

group linked through 0, N or S, and this organic group is the same as mentioned above 
for R\ 

In the formula (VII), M represents a hydrogen atom, an alkali metal or an alkaline 
earth metal. The tertiary amine used in the process (3) includes pyridine, quinoline, 25 
25 isoquinoline or pyrimidine. These tertiary amines may be substituted by various substi- 
tuents such as halogen, lower alkyl or carbamoyl 

As the compound (II), there may be used any of D-isomer 3 L-isomer or racemic 
compound. 

As the reactive derivative of the (thio)carboxyl group of die compound of formula 30 
30 (II), there is used a reactive derivative of a carboxylic acid which is ordinarily 
employed for the synthesis of acid amide compounds. Examples of the reactive deriva- 
tive are acid halides, acid azides, acid cyanides, mixed acid anhydrides, active esters or 
active amides. Particularly preferable examples thereof are acid halides such as acid 
chlorides or acid bromides, and active esters such as cyanometbyl ester or trichloro- 35 
35 methyl ester. 

The reactive derivative of die (thio)carboxyl group of the compound of formula 
(III) can be easily obtained by reacting, for example, an oxopiperazine or thioxopiper- 
azine of formula (VIII) synthesized according to the process of the literature references 
described below, with phosgene, thiophosgene, or trichloromethyl ester of chloroformic 40 
40 add, 

(x) n 
| 

a-n nh (vnn 

m 

wherein A, X, R 2 , R 8 , m and n are as defined previously. 

Literature references: 

V. G. Granik, Khim-Farm. Zh., 1(4), 16—19 (1967) (Russ); 
45 Samuel R. Aspinall, J. An. Chem. Soc., 62, 1202—4 (1940) ; 45 

Kuniyoshi MASUZAWA, Pfaarm. Bull (Japan), 38 2078—2081 (1966); 
Arthur P. Phillips, Ger. 1135472, Aug. 30 (1962); 
J. L. Riebsomer, J. Org. Chem., 15 68—73 (1950) ; 
Jongkees, Rec. trav. Chim., 27 305; 
50 Patric T. Izzo, J. Am/ Chem. Soc, 81 4668—4670 ( 1959) ; and 50 

B. H. Chase & A. M. Downes, J, Chem. Soc, 3874-^3877 (1953). 
Concrete examples of the compound of formula (VIII) and the reactive derivative 
of (thio)carboxyl group of the compound of formula (III) are as set forth in Table 1 
and Table 2, respectively, but it is needless to say that these are not limitative. 
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Table 1 



AN NH 
(R 2 R 3 ) m 



(VIII) 



Compound 


m.p. (recry- 
stallization 
solvent) 


IR 

(cm" 1 ) 


0 

A- 
HN^NH 


136°C <(%. 
0 


V c=0 1640 

VtJH 3450 - 3250 


0 CH3 
U 


b.p. 143°C/1 mmHg 
oily material 


^G=0 lg 50 

^NH 3500 " 3200 


0 

HN NH 


b.p. 122 - 

125°C/2 mmHg 

140 - ll+l°C (IPA) 


Vc=o 1650 ~ 1630 

Vhh 3260, 3170 


0 CH* 

W 5 

HN NH 
CH 5 


85 - 86°C (IPA - 
IPE) 


Vc=0 1650 " 1620 


0 CH 2 C02C 2 H5 

HN NH 
w 


105 - 106°C (AcOEt) 


V c=0 1710, 1640 
Vnh 3300, 3190 


0 

A- 

CH3C0N^_NH 


112 - 113°C ( (O) ) 


V c=0 1645, 1625 
^NH 3380, 3220 


0 
A 

CIC^CON^JJH 


129 - 130°C (IPA) 


V^C=0 l g 50, 1630 
V^NH 5270 



- cont'd - 
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9 

C1 2 CHC0N^HH 


134 - 135 C (IPA) 


V c=0 1660-1630 
4h 3280 


0 

CH 5 (CH 2 ) 1 5CH 2 C0N C JJH 


96 - 97°c (CCl^) 


v{j=o 1670, 1640 
V>hh 3200 


0 

CH 3 (CH 2 j 5 CH 2 C0i^JSH 


80 - 81 C (IPE) 


y'c-o 1660, 1620 


CH 3 ( CH 2 ) 4 CH 2 CGCT^OT 


83 - 84 C (IpE) 


V c=0 1660, 1620 
Vnh 3250 


0 


nr\ 1 /\/*nO« f rtr\-\ \ 

99 - 100 C (CCI4) 


V G=0 1660, 1620 
Vuh 3250 


0 

(i)-C0N_MH 


203 - 205^C (IPA) 


Vc=o !670, 1620 
Vjjh 3250 


0 1 

^)-CON_NH ! 


91 - 93 C (IPA) 


V*c = o 1640 > 1600 
Vuh 3250 


0 

Cl-©-COlfisiH 


146 - llt8°C (IPA) 


V C=0 1650, 1620 
^NH 5200 


0 

CH3-@-C0/jIH 


118 - 120°C (IPA) 


^0=0 1660, 1620 
Vjjh 3200 


CH3O 0 

CH30-@-C0N^_NH 

CH3O 


182 - 185°C (IPA) 


V c=0 1670, 1600 
V^h 3200 



- cont'd - 
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CI 0 
Cl-^-COlfjJH 


Oily material 


N? c=0 1650. 1620 
V>NH 3200 


CH3 0 
CH 3 C0N_JIH 


124 - 126 C (|OJ) 


vk=o 1650, 1630 
\>NH 3225 


6 

A 

CH 3 S0 2 N w IJH 


167 - 168 C (EtOH) 


Vq=0 1680 
Vnh 3200 
Vs0 2 N< 1310, 1140 


0 

ft 

A 

CH 5 C0NHC0H_JSH 


176 - 179°C ([OJ) 


^0=0 1680, 1650, 
1620 

Vnh 3300 


0 

@-HHC01^_NH 


85 - 08 C (AcOEt) 


V C =0 1660, 1640 

3300, 3200 


0 

A 

CHjCHgOCCH^JJH 


81 - 82° C (\ J) 


V c=0 1690 - 1650 

Vnh 3200, 3050 


0 

A 

(cH^ 3 co-ocH 2 -i(jra 
0 


189 - 190°C (IPA) 


V c=0 1650, 1620 
Vjjh 3250 


HN^JJH 


(Acetone) 


V C=0 1660 

Vnh 3200 


0 

A 

CH 5 (CH 2 ) 4 CH 2 -N w NH 


Oily material 


V c=0 1650 - 1630 

Vnh 3270 


J 

CH 3 (CH 2 ) 2 CH 2 -N_^NH 


Oily material 


V^NH 3250 

V C =o 1650 - 1630 



- cont'd - 
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0 

CHj (CH 2 ) 2 CH 2 -N_^NH 

CH, 
3 


Oily material 


V c=0 1650 - 1620 


0 

r-4 .: 

CH^(CHa)fiCHo-N NH 


Oily material 


• V lN H 3270 

Vq" 0 1650 - 1650 
Hydrochloride 

0 1680 

Vnh 3200, 3080 


0 . CH3 

CHACON NH 

> s /■ 


Oily material 


^C=0 16 80 
V NH 3300 


0 

\^>y -NriUUN .Nil 


Oily material 


V c=0 1720, 1640 
1 V NH 3300 


0 


b.p. 104°C/4 mmHg 


V C =0 1620 
VUH 3275 


0 

/ITT /ITT "VT »TTT 

CHjC^-N^NH 


Oily material- 


V C= o 1610 

v'nh 3250 


0 • 

CHj ( CHg J 2 CH 2 -N^NH 


Oily material 


V^ c=0 1610 

v'hu 3250 


0 


Oily material . 


vk= 0 1610 

^ 3400 - 3200 


0 

CH 3 ( CH 2 ) 3 CH 2 -N_NH 


Oily material 


>) c=0 1620 
v/uh 3270 


0 

ch 3x ^-e 

.CHCHjCH^-N NH 
CH^ 2 2 w 


Oily material 


V c=0 1620 
Vjjh 3270 



- cont'd - 
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*. 



0 
r-i 

CH,(CH 9 ),CH 9 -N NH 


Oily material 


V c=0 1620 ; 
3270 


0 

CH*(CHo)cCHo-N NH 


Oily material 


V^O 1620 
Vtra 3270 


0 

! ■ V-N 

CH^(CHp) fi CH ? -N NH 


Oily material 


^0=0 1620 . 
vlu 3270 


0 

CH-,(CH 2 )ioCH 2 -N NH 


Oily material 


V C=0 1620 
Vta 3270 


|h>-njjh 


Oily material 


V C= o 1620 
V^NH 5300 


0 CH-z 

w 

CH 3 (CH 2 ) 2 CH 2 -N_ y NH 


Oily material 


V c=0 1630 
V>NH 5500 


0 

CH 5 (CH2) 2 CM 2 -ir_HH 
CH 3 


Oily material 


V c=0 1630 
\l m 3300 


0 

CH 3 (CH 2 ) 2 CH 2 -N v _NH 
CHj 


Oily material 


V> c=0 1630 
^NH 3200 


0 

@"CH 2 -Njra 


157 - 158°C ( (°) ) 


V^ C =0 1630 
^NH 3300 



- cont'd - 
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0 CHt 

W 5 

HoNCO-N MH 


Oily material 


V c=0 1700 

VkH 3400 - 3250 


i o 

H0CH 2 OH 2 -N_MH 


b.p. 183- l85°C/2mmHg 


V C= o 1620 


0 

CH 2 =CHCH 2 -N^J!JH 


Oily material 


V c=0 1650 
3300 


0 

CH 2 =CHCH-N ^JIH 


Oily material 


V C=0 1620 

^NH 3300 | 


0 

CH 2 =CCH 2 -N NH 
CH 3 


Oily material 


V c=0 1640 

Vhh 3300 


0 

CH=CHCH 2 -N_NH 
CH3 


Oily material 


V c=0 1660 
Vnh 3350 


0 

/—v )-\ 
0 NCH 2 -N NH 


Oily material • 


V C =0 1630 

' Vhh 3300 


o 

CH3CO-H NH 
0 


184 - 185°C (EtOH) 


Vc=o 1690 - 1650 
V NH 3190, 3050 


(O)-C0N NH 
0 


177 - 178°C (EtOH) 


V c= o 1680 - 1650 
^NH 3190, 3050 
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0 

CH3-N NH 
0 


142 - 1^3°C (IPA) 


^c=o i 680 - 1 620 
v'nh 3200 


0 

@-CH 2 -N_NH 
0 


209°C (IPA) 


\/ c=0 1660 - 1630 

v>nh 3230 


0 0 
3 A v^r 


158°C (IPA) 


V^ C =0 1695, 1660 
V^NH 3220 


0 0 

CH3C 00CH 2 CH 2 -N NH 


Oily material 


' V c=0 1730 - 1650 
Vuh ~3300~- 3200 


0 0 

\A 

CH3CH0-N NH 


124°C (C°)) 


J c=0 1680, 1650 
Vnh 3250 


0 0 

W 

CH3CH0CH0-N NH 


98 - 100°C ((°)) 


V^q 1680, 1650 
V^uh 3200, 3100 


0 0 

W 

CH^CHobCHp-N NH 


111 - 113°C (CCl^) 


Vc=0 16 95, 1670 
Vjjh 3240, 3150 


0 0 
(CH,) 2 CH-N NH 


166 - 167°C (f°} ) 
0 


^0=0 1650 

VuH 3300 - 3200 


0 0 

CH 3 (CH 2 )3.CH 2 -N_^NH 


104 - 106°C (IPE) 


^C=0 1700, 1660 
v'nh 3200, 3100 


0 0 

H 

CH 5 (CH 2 ) 4 CH 2 -N^_NH 


111 - 115°C (IPE) 


V c=0 1700, 1660 
>J m 3200, 3100 



• cont^d - 
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0 0 

V-f 

CH 3 (CH 2 JjCHg-N^NH 


112 - 115°C (IPE) 


^C=0 1700, 1660 
VnH 3200, 3100 


0 0 

CH 5 (CH 2 ) 6 CH 2 ^1^JJH 


116 - 120°C (IPE) 


^c=o 1700, 1660 

^NH 3225, 3100. . 


0 0 
M 

CH 2 =CHCH 2 -N_NH 


136 - 137°C 

(Acetone) 


\^ c=0 1680, 1655 
3200, 3100 


0 0 


202 - 20V°C (IPA) 


\> c=0 1690, 1645 
VnH 3260 


0 .0 

M 

C1CH 2 CH 2 1^_NH 


128 - 129°C (EtOH) 


V C =o 1700 - 1650 
^NH 3200 - 3100 


0 0 
CH 5 CH 2 -N__NH 
CHj 


127 - 128°C (AcOEt) 


V C=0 -loov 

)) m 3200, 3080 


0 0 

V-f 

CH3-N NH 
CH5 


146 - 1V7°C (f }) 


C=0 -loovj 
V ra 3200, 3100 


■ S® 

0 


183 - 185°C (EtOH) 


V^c=0 1720, 1660 
v'nh 3320, 3175, 
3050 


^)-CH 2 -N NH 
0 


96 - 99°C 

(IPA-n-Hexane ) 


V^c=0 1720, 1660 
^NH 3330 



- cont'd - 
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Cl 5 CCH 2 OCO-N NH 
* 
0 


143 - l*t6°C (IPA) 


^C=0 1765, 1720, 

1680 
\>NH 3350 


A 

u 

HN NH 
0 


210 - 212°C (MeOH) 


^NH 3380, 3290, 
3070 


0 


132 - 133°C (EtOH) 


V C =0 1715, 1685 
Vnh 3275, 3170 


^0)-CH 2 -NJSH 
0 


98 - 100°C (IPA) 


V c= o 1715. 1665 
Vnh 3360 



Note: IPA = (CH 5 ) 2 CH0H 

IPB = (CH 5 ) 2 CHOCH(CH 5 ) 2 
AcOBt = CH 5 C00CH 2 CH 5 
EtOH = CHjCHgOH 



V 
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Table 2 



(X)n r 

Reactive derivatives of A-N N-COH (III) 

<& 3 >.. 



Compound 


Physical property 


I.R. (cm" 1 ) 


0 
r-i 

CH^CO-N N-C0C1 
' v ' 


.Oily material " 


V c= o 1790, 1710, 
1640 


0 

! rA 

ClCH 2 C0-N^jr-C0Cl 


n 


J 

^0=0 1790, 

1730 - 1650 


0 

A 

Cl2CHC0-N^JI-C0Cl 




'^C=0 1 790, 

1730 - 1650 


U 

CH 5 (CH 2 ) 13 CH 2 CO-N w N-COC 


1 


»C=0 ^'tUi xoou, 
1640 


0 

CH 5 (CH 2 ) 5 CH 2 C0-N^JI-C0C1 


11 


V C=0 1740, 

1680 - .1640 


0 

CH 5 (CH 2 ) 4 CH 2 CO-N w K-COCl 


II 


^C=0 1740, 

1680 - 1640 


0 

CH 5 ( CH 2 ) 5 CH 2 C 0-N N-C0C1 


It 


^C=0 1790, 1710, 
1640 



- cont'd - 
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0 

'-A <-< 

^Hy-CO-N^N-COCl 


Oily material 


^=0 1790, 1730, 
1640 


0 

^^CO-N^JI-COCl 


It 


Y^O 1740, 1660, 
1630 


0 

B 

C1^)-C0-N^N-C0C1 


If 


^c=o 1740, 1640 


0 

ch 3 -(0/- CO-H^Jf-COCl 


II 


vUo 1730, 1650 


CHjO 0 
CH3O -^)-C0-nH[I-COC1 
CH 3 0 


It 


^C=0 1740, 1640 


CI 0 

ci-^-co-iTn-coci 


It 


V c=0 1720,1640 


CH^ 0 

y-V 

CH3CO-N N-COC1 


If 


V c=0 1790, 1710, 
1640 


! 0 

CH 5 S0 2 -KJI-C0C1 


It 


V C=0 1790, 1700 
^S0 2 1320, 1140 


0 

CHjCOBHCO-H^Jff-COCl 


II 


^C=0 1790, 

1720 - 1660 

* 



- corrc'd - 
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0 

@-J9HC0-N^N-C0Cl 


... - 

Oily material 


^C=0 1740 ' 1720 » 
1650 


0 

CH 3 CH 2 0C0-N^JI-C0C1 


ii 


^C=0 17 5°» 1720 » 
1640 


0 

(CH 3 ) 3 CCO0CH 2 -N_JT-C0Cl 


ti 


V C= o 1740 - 1720, 
1670 


0 

CH 5 ( CH 2 ) 4 CH 2 -N^ici-C0Cl 


» 


Nfc=0 1790. 1720 


a 

CH3 ( CH 2 ) 2 CH 2 -N^N-C OC 1 


11 


^C=0 1790, 1720 


u 

CH 3 (CH 2 ) 2 CH 2 -N N-C0C1 
CH5 


tt 


^C=0 1790 » 1720 , 


0 

CH3 (CH 2 ) 6 CH 2 -N^T-C0C1 


it 


^C=0 1790, 1720 


0 

HN N-C0C1 


m.p. 115 - 116°C 
(decomp. ) 

(from (O) ) 


Vc=o 1720, 1660 


0 CH5 
Ht^JJ-COCl 
CH3 


Crystal 


V c=0 1730, 1670 



- cont'd - 
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0 

■ HN N-C0C1 
>-> 
CHj 


Crystal 


V c=0 1720, 1660 


0 CH 2 C00CH 2 CH 5 

hn n-coci 
\ — i 


m.p. 59 - 60°C. 
(from IPE) 


V c=0 1710 - 1730, 
1660 


0 CH* 

M P 

HN N-COCI 
w 


m.p. 98 - 100°C 
(from (8)) 


\> c=0 1725, 1650 


0 CH* 

M 5 

CH,C0-N N-COCI 
-> \ i 


Oily material 


^C=0 1720 • 16 90 


0 

(0/- NHC 0-N w N-COCl 




V^C=0 1790, 1740 
- 1700 


0 

CHj-N^N-COCl 


M 


V c=0 1710, 1630 


0 

ch 3 (ch 2 ) 2 ch 2 -n^n:-coci 


ti 


V C= 6 1730, 1650 


0 

K 

CH,CH 5 -N N-COCI 


ii 


V^C=0 1730, 1650 


0 

(ch 3 ) 2 ch-n_jj-coci 




^C=0 1720, 1640 



- cont'd - 
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0 

K 

CH 5 (CH 2 ) 5 CH 2 -N v JI-COCl 


Oily material 


>Jc=o 1 ^ 0 ' 1640 


.0 

( CH 3 ) 2 CHGH2CH 2 -N^J1I-C0C1 


11 


V Css0 1720,. 1640 


0 

CH 3 (CH 2 ) 4CH2-H H-C'OCl 


11 • • 


V c=0 1730, 1640 


0 

CH 3 (CH 2 ) 5 CH 2 -HJI-C0C1 


11 


V C =o 1730, 1640 


0 

CH3 (CH 2 >gCH 2 -I^JJ-COCl 


11 


V c=0 1720, 1640 


0 

CH 3 (CH 2 ) 10 CH 2 -N^K-C0C1 


11 


^C=0 1720 ' 1640 


0 

[ly-fl^JJ-COCl 


11 


^0=0 1730, 1640 


0 CH 3 
CH 3 (CH 2 ) 2 CH 2 -N_N-COCl 


11 


Vc=0 1730, 1640 


0 

CH 3 ( CH 2 ) 2 CH 2 -tTjT-COC 1 
CH 3 




V C =0 1720, 1640 



- cont'd - 
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0 

CH 5 (CH 2 ) 2 CH 2 -N^_N-C0C1 
CH* 


Oily material 


V C =0 1730, .1650 


of 

HN N-COC1 


m.p. 105 - 107°C 


Vc=0 1730 • 1650 


0 

<0>-CH2-N N-C0C1 


Oily material 


V c=0 1720, 1645 


0 CH* 

u 5 

HpNCO-N N-COC1 


11 


V c=0 1700 - 1740 


0 

K 

HOCH 2 CH 2 -N^_N-C0C1 


11 


\/ c=0 1730, 

1660 - 1630 


0 

IK 

CH 2 =CHCH 2 -N^JI-C0C1 


« 


V c=0 1720, 1640 


0 

CH 2 =CHCH-N N-COC1 
CH3 


11 


Vc=0 173 <>, 1650 


0 

CH 2 =CCH 2 -N_ y N-COCl 
CH3 


11 


^0=0 1730, 1650 
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! CH,CH 0 

\ IK 

CHCH 2 -N V _N-C0C1 
(trans-) 


Oily material 


^C=0 17 50, 1650 


1 o 

0 N-CH?-N N-COCl 


m.p. 150°C 
(decomp. ) 


^C=0 1670, 1720 


0 

CH3CO-N N-COCl 
0 


Oily material 


1 

V C =o 1790, 

1720 - 1670 


0 

(O/-C0-N N-COCl 
0 


11 


V c=0 1790, 1710, 
1670 


0 

CHj-N N-COCl 

0 


/ 

If 


J 

V c=0 1790, 

1710 - 1660 


0 

@-CH 2 -N^isi-COCl 


tl 


V c=0 1790, 

1710 - 1660 


0 0 

CH3-N v JJ-C0Cl 


m.p. 94 - 95°C 
(decomp. ) 
(from CHoClp- 
Et 2 0) 


V c=0 1790, 1680 


0 0 

CH 3 C00CH 2 CH 2 -N^JI-C0C1 


Oily material 


\) c=0 1790, 1720, 
1670 



- cont'd - 
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0 0 
CH3CH2 -N^JJ-COCl 


m.p. 95 - 96°C 
(decomp. ) 
(from AcOBu) 


V c=0 1780 » 1660 


0 0 

CH 5 CH 2 CH 2 -N^N-C0C1 


Oily material 


^0=0 1780, 

1710 - 1640 


0 0 

CH3 ( CH 2 ) 2 CH 2 -N_Jt-C0Cl 




\) c=0 1780, 1660 


0 0 

(CH 3 ) 2 CH-H_JI-C0C1 


m.p. 130 - 131°C 
(decomp.) 


^C=0. 1780, 1660 


0 0 

CH3 ( CH 2 ) 3CH 2 -N v _N-COCl 


Oily material 


^C=0 1790, 

1720 - 1665 


0 0 

CHj (CH 2 ) 4 CH 2 -N^N-C0C1 


n 


V c=0 1780, 

1720 - 1640 


0 0 

CH 3 (CH 2 ) 5 CH 2 -lf_^-COCl 


n 


V c=0 1780, 

1720 - 1640 


0 0 

CH ? (CH 2 ) gCH 2 -N w N-C0Cl 


it 


V c=0 1780, 

1720 - 1640 


0 0 
U 

CE 2 =CHCH 2 -N^N-C0C1 


Crystal 


V^c=0 !775, 

1660 - 1620 
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0 0 
@-N w N-C0Cl 


Crystal 


V C =0 " 8 5. 

1720 - 1650 


0 0 

w 

C1CH 2 CH 2 -N^B-C0C1 


Oily material 


V c=0 1790, 1720, 
1680 


0 0 

M 

CH 5 CH2-II_^r-C0Cl 
CH 3 


m.p. 65 - 70°C 
(decomp. ) 


V c=0 1785, 1680 


0 0 

u 

CHjCI^-N^N-CSCl 


m.p. 100 - 101°C 
(decomp. ) 


\> c=0 1725, 1675 


0 f£\ 
HN^JJ-COCl 
0 


m.p. 180 - l8l°C 


^C=0 1740 ' 1695 


^0)-CE 2 -N N-C0C1 

ff 

0 


m.p. 160 - 165°C 


v c=0 1740, 1670 


ci 3 ccH 2 oeo-iyjf-coci 

0 


Oily material 


V c=0 1800, 1750, 
1710 



a 
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0 

HN_K-C0C1 
0 


m t5. 185 - ifi7°r 
(decomp, ) 


\>C=0 1730, 1690 


HN N-COCl 
0 


Oily material 


Vp_n 1750, 

1710 - 1685 


(OVcHo-N N-C^Cl 
0 


it 


^C=0 1735, 1725, 
1710, 1675 
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Note: Et 2 0 = CH3CH2QCH2CH3 

AcOBu = CH 3 C00(CH2)3CH3 

The compound represented by the general formula (V) can be easily obtained by 
reacting, for example, a salt with an alkali metal, an alkaline earth metal or a nitrogen- 
containing organic base of an amino acid (IX) (any of D-isomer, L-isomer and racemic 
compound) represented by the general formula (IX) 



H 2 N — R — COOH 



(IX) 



wherein R is as defined previously, with a reactive derivative in the (thio)carboxyl 
group of a compound represented by the general formula (III) in a solvent inert to the 
reaction in the presence of an acid-binding agent. Preferable examples of the compound 
of formula (V) are D-isomers, L-isomers and racemic compounds of the following 
compounds, though it is needless to say that the examples are not limitative: 
a - (4 - Acetyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 
a - (4 - Chloroacetyl - 2 - oxo - 1 - piperazmocaxbonylamino)phenylacetic acid 
a - (4 - Dichloroacetyl - 2 - oxo - 1 - piperazinocarbonylamino )phenylacetic acid 
a - (4 - Palmitoyl - 2 - oxo - 1 - pipera2mocarbonylamino)phenylacetic acid 
a - (4 - Caproyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 
a - (4 - Capryloyl - 2 - oxo - 1 - piperazmocarbonylaniino^phenylacetic acid 
a - (4 - Enanthoyl - 2 - oxo - 1 - piperazinocaxbonylammo)phenylacetic acid 
a - (4 - Cyclohexanecarbonyl - 2 - oxo - 1 - piperazinocarbonylaminojphenyl- 
acetic acid 



acid 
acid 



a - (4 - Benzoyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 
a - (4 - p - Chiorobenzoyl - 2 - oxo - 1 - piperazmocarbonylamino ) phenylacetic 

a - (4 - p - Methoxybenzoyl - 2 - oxo - 1 - piperazinocarbonylainino) phenylacetic 
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« - [4 - (3,4,5 - Trimethoxybemoyl) - 2 - am - 1 - piperaanocarbonylamino]- 

phenykceuc ^ Dichlorobea2oyl ) . 2 - as> - 1 - piperaziiiocaibonylamino]phenyl- 

acetic add 51 
5 a - (4 - Acetyl - 3 - methyl - 2 - oxo - 1 - piperazinocaibonylamino)phenylacenc 5 

acid 

a - (4 - Methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylamino ) pheny lacetic 

acid 

a - (4 - Acetylaminocaibonyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacetic 

10 aCld a - (4 - Phenylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetic acid 

a - (4 - Ethoxycaibonyl - 2 - oxo - 1 - pipera^ocarboaylaminojphenylacetic aod 
a - (4 - Pivaloyloxymethyl - 2 - oxo - 1 - piperazinocarbonylamino ) phenylacetic 
add . 15 

13 « - (4 - n - Hexyl - 2 - oxo - 1 - piperazmocarbonylammo)phenylacetic acid 

a - (4 - n - Butyl - 2 - oxo - 1 - piperazinocarbonylamino) phenylacetic add 
a _ (4 - n - Butyl - 6 - methyl - 2 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetic add 

a - (4 - n - Octyl - 2 - oxo - 1 - pipera2inocarbonylamino)phenylacetic aad 20 
20 a - (3 - Oxo - 1 - piperazmocarbonylamino)phenylacetic add 

a - (2,5 - Dimethyl - 3 - oxo - 1 - pip^azmocarbonylamino) phenylacetic add 
a - (5 - Methyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenylacetic add 
a - (2 - Ethoxycarbonylmethyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetic add 25 
a - (2 - Methyl - 3 - oxo - 1 - piperazinocarbonylammo)phenylacetic add 
a - (4 - Acetyl - 2 - methyl - 3 - oxo - 1 - piperazmocarbonylamino) phenylacetic 

add 

a - (4 - Phenylanunocarbonyl - 3 - oxo - 1 - piperazm(K»rbonylaniino)phenyN 

acetic add . ^ 

a - (4 - Methyl - 3 - oxo - 1 - piperazmocaibonylamino)phenylacetic aad 
a - (4 - n - Butyl - 3 - oxo - 1 - piperazmocaibojiylamino)phenylacetic add 
a - (4 - Ethyl - 3 - oxo - 1 - piperazmocarbonylaminojphenylacetic add 
« - (4 - Isopropyl - 3 - oxo - 1 - pipera2mocarbonylamino)phenylacetic add 
a - (4 - n - Pentyl - 3 - oxo - 1 - pipenuanoc^onylaminojphenylacetic add 35 
35 a - (4 - iso - Pentyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacetic acid 

a _ (4 _ n - Hexyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 
a . (4 . n - Heptyl - 3 - oxo - 1 - piperazmocarbonylaniino)phenylacetic acid 
a - (4 - n - Octyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic add 
a . (4 - n - Dodecyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 40 
40 o - (4 - Cydopentyl - 3 - oxo - 1 - piperazhocarbonylamino)phenylacetic add 

a - (2 - Methyl - 4 - n - butyl - 3 - oxo - 1 - piperazmocarbonykmino)phenyl- 
acetic add 

o - (4 - n - Butyl - 5 - methyl - 3 - oxo - 1 - piperazinocarbonylammo)phenyl- 

acetic add 4 ^ 
45 « - (4 - n - Butyl - 6 - methyl - 3 - oxo - 1 - piperazmocaibonylamino)phenyl- 

acetic add 

a - (2 - Phenyl - 3 - oxo - 1 - piperazmocarbonyIamino)phenylacetic acid 
a - (4 - Benzyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic add 
a - (4 - Carbamoyl - 2 - methyl - 3 - oxo - 1 - piperazmocarbonylaniino)phenyl- 50 
acetic add 

a - (4 - ft - Hydroxyethyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic 

add ' 
a - (4 - Allyl - 3 - oxo - 1 - piperazinoc^bonylamino)phenylacetic aad 
a - (4 - a - Methylallyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 55 
55 a „ (4 • a . Methylallyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic acid 

a . [4 - (Trans - 2 - butenyl) - 3 - oxo - 1 - piperazkoo»bonylainko]phenyi- 

acetic add 

a - (4 - Morpholinomethyl - 3 - oxo - 1 - piperazmocarbonylamino)phenylacetic 

*n add 60 
DU « - (4 - Ethyl - 3 - oxo - 1 - piperazinocarbonylamino)propiomc -acid 

a - (4 - Acetyl - 2,5 - dioxo - 1 - piperazmocarbonylamino)phenylacetic aad 
a - (4 - Benzoyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenylacetic add 
~ a J (4 . Methyl - 2>f- dioxo - 1 - piperazmocarbonykmino)phenylacetic add 
65 a - (4 - Benzyl - 2,5 - dioxo - 1 - piperazmocarbonylamino)phenylacetic aad _ 65 
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a - (4 - Methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenylacetic acid 
a - (4 - Acetoxyethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetic 

acid 

a - (4 - Ethyl - 23 - dioxo - 1 - pipera2inocarbonylamino)pheaylacetic acid ( 
8 5 « . (4 . n - Propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenylacetic acid 

a . (4 . n - Butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetic acid 
a - (4 - Isopropyl - 2,3 - dioxo - 1 - piperazuiocarbonylarnino)phenylacetic acid 
a - (4 . n - Pentyl - 2,3 - dioxo - 1 - piperazinoc^rbonylariiino)phenylacctic acid 
a - (4 - n - Hexyl - 2,3 - dioxo - 1 - pipexazinocarbonylainino)phenyIacetic acid 
10 « - (4 - n - Heptyl - 2,3 - dioxo - 1 - piperazinocarbonyIamino)phenylacetic acid 

a - (4 - n - Octyl - 2,3 - dioxo - 1 - piperazinocarbonylaminojphenylacetic acid 
a - (4 - Allyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenylacetic acid 
a - (4 - Phenyl - 2,3 - dioxo - 1 - piperazmocarbonylarnmo) phenylacetic acid 
a - (4 - - Chloroethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenylacetic 

15 acid 

a - (4 . Pyrrolidinoethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenylacetic 

flCid a - (4 - Methyl - 2,3 - dioxo - 1 - piperofoocarbonylarinno) - p - hydroxyphenyl- 
acetic acid . - A 

20 « - (4 - Ethyl - 2,3 - dioxo - 1 - piper^nocarbonylanrino) - p - hydroxyphenyl- 20 

acetic add . . . t 

a - (6 - Methyl - 4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetic acid . , 
a - (4,6 - Dimethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenylacetic add 
25 a - (4 - Ethyl - 2,3 - dioxo - 1 - piperazmotWocarbonylamino) phenylacetic add 25 
a - (4 - Methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cydohexa- 

dienylacetic add * ^ j- i 

a - (4 - Ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cyclohexadienyl- 

acetic add 

30 « - (4 - n - Propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cydohexa- 30 

dienylacetic add 

a - (4 - n - Butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4 - cydohexa- 
dienylacetic acid 

a - (4 - Methyl -.2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienylacetic 

35 add , 

a - (4 - Ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienylacetic add 
a - (4 - n - Propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienylacetic 

add 

a . (4 . n - Butyl - 2,3 - dioxo - 1 - piperazmocarbonylaniino) - 2 - thienylacetic 

40 add 

a - (2,2 - Pentamethylene - 3,5 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
acetic add 

a - (4 - Benzyl - 2^ - pentamethylene - 3,5 - dioxo - 1 - piperazinocarbonyl- 
amino) phenylacetic add 

45 a - (4 - - Trichbroethoxycarbonyl - 2,2 - pentamethylene - 3,5 - dioxo - 1- 45 

piperazmocarbonylamino)phenylacetic add 

a - (3,5 - Dioxo - 1 - piperazmocarbonylaniino)phenylacetic add 
a - (2 - Methyl - 2 - phenyl - 3,5 - dioxo - 1 - piperazmocarbcmylamino)phenyl- 
acetic add , eA 

50 * a • (4 - Benzyl - 2 - methyl - 3,5 - dioxo - 1 - pir^azmoc^onylamino)phenyl- 50 

acetic add 

a - (4 - Methyl - 2,3 - dioxo - 1 - piperazmocarbcmylamino)phenylacetic aad 
As tne reactive derivative in the carboxyl group of the compound represented by 
the general formula (V), there is used a reactive derivative of a carboxylic add which 

55 is ordinarily used in the synthesis of add amides. Such reactive derivative includes, for 55 
example, add halides, add anhydrides, mixed add anhydrides with organic or inorganic 
acids, active acid amides, add cyanides or active esters. Particularly, add chlorides, 
mixed acid anhydrides and active add amides are preferable. Examples of the mixed 
add anhydrides are mixed add anhydrides with substituted acetic adds, alkyl carbonic 

60 adds, aryl carbonic adds and aralkyl carbonic adds; examples of the active esters are 60 
cyanomethyl esters, substituted phenyl esters, substituted benzyl esters or substituted 
thienyl esters; and examples of the active add amides are N-acyl saccharins, N-acyl 
imidazoles, N-acyl benzoylamides, N^-dicydohexyl-N-acylureas or N-acyl 
sulfonamides. ' / v . At 

65 Compounds of formula (VI) can be obtained by, for example, process (1) or (2). 65 
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Some of the compounds obtained by process (3) can further be used as the starting 
compounds in process (3). Any of D-, L- and racemic compounds of formula (Vi; 
may be used. . . . . , 

The modes of practice of the processes (1), (2) and (3) are explained below. > 

The processes (1) and (2) may be carried out under substantially the same con- 5 
ditions. That is, the compound of formula (II) or (IV) is dissolved or suspended m at 
least one inert solvent selected from, for example, water, acetone, tettahydrofuran, 
dioxane, acetonitrile, dimethylformamide, methanol, ethanol, methoxyethanol, diethyl 
ether, isopropyl ether, benzene, toluene, methylene chloride, chloroform, ethyl acetate 
and methyl isobutyl ketone. The resulting solution or suspension is reactedwith a reac- iu 
tive derivative of die compound of formula (in), or with the compound of formula 
(V) or a reactive derivative in the carboxyl group of the compound of formula ( v )^in 
the presence or absence of a base at a temperature in the range from —60 to_80 C, 
preferably from -40° to 30°C. The reaction time is ordinarily 5 minutes to 5 hours. 
Examples of the base used in the above reaction are inorganic bases such as alkali 15 
hydroxides, alkali hydrogencarbonates, alkali carbonates, or alkali acetates; ternary 
amines such as trimethylamine, triethylamine, tributylamine, pyridine, N-methylpiper- 
idine, N-methylmorpholine, lutidine and collidine; and secondary amines such as ch- 
cydohexylamine or diethylamine. When the compound of formula (V) is used in the 
• form of a free acid or salt .in the process (2), the reaction of the process (2) may be 
effected in the presence of 'a dehydrating condensing agent such as N,N^cyclohe^I 
carbodiimide, N-cydohexyl-N'-morpholinoethyl carbodiimide, N,N'-diethyl cpooch- 
imide, NN'-carbonyl (2-methylimidazole), a trialkyl ester of phosphorous acid, ethyl 
ester of polyphosphoric add, phosphorus oxychloride, phosphorus trichloride, 2-chloro- 
13 J-dioxaphospholane or oxazoryl chloride. The salt of the compound of formula (V) 1$ 
includes alkali metal salts, alkaline earth metal salts, ammonium salts, and salts with 
organic bases such as trimethylamine or dicydohexylamine. 

The process (3) is carried out in the manner described bdow. 

When B in the formula (VI) is a group other than a hetero aromatic N-oxide thio 
erouD having a thio group on the carbon atom adjacent to the N-oxide group in the 30 
molecule, the compound of formula (VI) is reacted with the compound of formula 
(VII) or a tertiary amine in at least one solvent selected from, for example, water, 
methanol, ethanol, propanol, isopropanol, butanol, acetone, methyl ethyl ketone, methyl 
isobutyl ketone, tetrahydrofuran, dioxane, acetonhrile, ethyl acetate, methoxyethanol, 
dimethoxyethane, dimethylformamide, dimethyl sulfoxide, dichloromcthane, chloro- 35 
form and a dichloroethane. The above-mentioned reaction is preferably effected in a 
strongly polar solvent such as water. In this case, the pH of the reaction solution is 
advantageously maintained at 2 to 10, preferably 4 to 8. The desired pH may be 
attained by addition of a buffer solution such as sodium phosphate. The reaction con- 
ditions are not particularly limited, though the reaction is ordinarily conducted at 0 to 40 
100°C. over a period of at least several hours. When B in the formula (VI) is a hetero 
aromatic N-oxide thio group having a thio group on the carbon atom adjacent to the 
N-oxide group in the molecule, the compound of formula (VI) is reacted with the 
compound of formula (VII) in the above-mentioned solvent in the presence of a cupnc 
compound. This reaction is particularly useful where an alcohol is used such as methyl 45 
alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, n-butyl alcohol benzyl alcohol 
or ethylene dycol as the compound of fonnula (VII), In this case, the reaction pro- 
ceeds smoothly by using an excess of the alcohol per se to allow it to act as the reaction 
medium, too. The cupric compound used in this process includes organic and inorganic 
ones, such as cupric chloride, bromide, fluoride, nitrate, sulfate, borate, phosphate, 50 
cyanide, formate, acetate, propionate, dtrate, tatarate, benzoate and salicylate. The 
amount of the cupric compound used is preferably 1/2 mole per mole of the compound 
of formula (VI). The reaction temperature and the reaction time may be yaned depend- 
ing upon the kinds of compound of formula (VI), cupric compound and ^cojnpound I of 
fonnula (VII), though they are usually selected from the range of 0° to 100 C and 55 
the range of several minutes to several days, respectively. 

The reaction conditions to be adopted in the processes (1), (2) and (3) are not 
limited to those mentioned above, and can be properly varied depending upon the kinds 

° f ^F^r^^^he^non-toxic salts of the general formula (I), in which R 1 is a salt- 60 
forming cation, can be easily obtained according to an ordinary procedure from com- 
pounds of the general formula (I), in which R l is a hydrogen atom or a blocking group. 

Thus, among the compounds of formula (I) of the present mvennon, the peniciJtos 
can be easily obtained according to any of the aforesaid processes (1) and (2), while 
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ABSTRACT 

In comparison with a series of reference compounds, (2R-frans)- 
4-[1-[3,5-bis(trifluoromethyl)benzoyl]-2-(phenylmethyl)-4-piperidi- 
nyl]-/V-(2,6-dimethylphenyl)-1 -acetamide (S)-Hydroxybutanedio- 
ate (R1 1 6301 ) was characterized as a specific, orally, and centrally 
active neurokinin-1 (NIK-,) receptor antagonist with subnanomolar 
affinity for the human NK 1 receptor (K{. 0.45 nM) and over 200-fold 
selectivity toward NK 2 and NK 3 receptors. R1 1 6301 inhibited sub- 
stance P (SP)-induced peripheral effects (skin reactions and 
plasma extravasation in guinea pigs) and a central effect (thump- 
ing in gerbils) at low doses (0.08-0.16 mg/kg, s.c. or i.p.), reflect- 
ing its high potency as an NK., receptor antagonist and excellent 
brain disposition. Higher doses blocked various emetic stimuli in 
ferrets, cats, and dogs (ED 50 values: 3.2 mg/kg, s.c; 0.72-2.5 
mg/kg, p.o.). Even higher doses (1 1-25 mg/kg, s.c.) were required 
in mice (capsaicin-induced ear edema) and rats (SP-induced ex- 



travasation and salivation), consistent with lower affinity for the 
rodent NK 1 receptor and known species differences in NK 1 re- 
ceptor interactions. R1 1 6301 inhibited the ocular discharge (0.034 
mg/kg) but not the dyspnoea, lethality, or cough (>40 mg/kg, s.c.) 
induced by [/3ALA 8 ] -neurokinin A (NKA) (4-10) in guinea pigs, 
attesting to NK 1 over NK 2 selectivity. R1 16301 did not affect 
senktide-induced miosis (>5 mg/kg, s.c.) in rabbits, confirming 
the absence of an interaction with the NK 3 receptor. R1 1 6301 was 
inactive in guinea pigs against skin reactions induced by hista- 
mine, platelet-aggregating factor, bradykinin, or Ascaris allergens 
(>10 mg/kg, s.c). In all species, R1 16301 showed excellent oral 
over parenteral activity (ratio, 0.22-2.7) and a relatively long dura- 
tion (6.5-16 h, p.o.). The data attest to the specificity and sensi- 
tivity of the animal models and support a role of NK 1 receptors in 
various diseases. 



Tachykinins belong to a family of short peptides that are 
widely distributed in the mammalian central and peripheral 
nervous system (Lundberg, 1995; Maggi, 1995; Bertrand and 
Geppetti, 1996). They share the common C-terminal se- 
quence Phe-Xaa-Gly-Leu-Met-NH 2 . Tachykinins released 



Article, publication date, and citation information can be found at 
http://jpet.aspetjoumals.org. 
DOI: 10.1124/jpet.l02.034348. 



from peripheral sensory nerve endings are believed to be 
involved in neurogenic inflammation. In the spinal cord/cen- 
tral nervous system, tachykinins may play a role in pain 
transmission/perception and in some autonomic reflexes and 
behaviors. The three major tachykinins are substance P (SP), 
neurokinin (NK) A and NKB with preferential affinity for 
three distinct receptor subtypes, termed NK 1? NK 2 , and NK 3 , 
respectively. However, functional studies on cloned receptors 
suggest strong functional cross -interaction between the three 



ABBREVIATIONS: SP, substance P; NK, neurokinin; NKA, neurokinin A; R116301, (2ft-frarjs)-4-[1 -[3,5-bis(triflucro^ 

piperidinyl]-A/-(2,6-dimethylphenyl)-1 -acetamide (S)-hydroxybutanedioate; CGP49823, (2ft,4S)-2-benzyl-1 -(3,5-dimethylbenzoyl)-4-(quinolin-4- 
ylmethylaminojpiperidine; CP-96345, (2S,3S)-os-2-(diphenylmeth^^ CP-99994, (2S,3S)-3- 

(2-methoxybenzylamino)-2-phenylpiperidine; GR-203040, (2S,3S)-(2-methoxy-5-tetrazol-1-ylben MK-869 or L-754030, 

aprepitant; L-760,735, 2-(fl)-(1 -</^3,5-bis(trifluoromethy0ph ,2,3-trioazol-4-yl)methyl-3-(5)-phenyl)morpholine; RP- 

67580, (3a/Var^-7,7-diphenyt-2-[1-imino-2-(2-m^ SDZ-NKT-343, 2-nitrophenylcarbamoyl-(S)-prolyl-(S)-3-(2- 

naphmyI)alanyl-W-berizyl-A/-rnethylamide; SR-140333, nolpitantium; SR-48968, saredutant; SR-142801, osanetant; Y-24180, (±)-4-(2-chlorophenyl)-2-[2-(4- 
isctoutylphenyl)eth^ ,2,4]triazolo[4,3^][1 ,4]diazepine; LY255582, (3R,4r>3,4-dimethyl-1 -[(3S)-3-hydroxy-3-cyclohexyl-propyO- 

4-(3-hydroxyphenyl)piperidine; PAF, platelet-aggregating factor; 5-KT, serotonin; MDL-1 03392, 4-piperidinecarboxamide, 1-[2-[3-(3,4-dichlorophenyl)-1 -(3,4,5- 
trimethoxybenzoyfl-3-pr^ MDL-1 0521 2, (3/3)-MDL-1 03392. 
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tachykinins and their corresponding receptors (Maggi and 
Schwartz, 1997). The tachykinins are involved in emesis, 
anxiety states (stress-related), smooth muscle contraction, 
inflammation, and nociception/pain perception, although 
clinically relevant involvement of SP, particularly for the last 
items, is questionable (Hill, 2000). 

Rl 16301 is a new NKj receptor antagonist (Fig. 1). The 
present study reports on its pharmacological profile in sev- 
eral NK receptor-related models in various species. Species 
differences in the structure of NK X receptors are responsible 
for species-related potency differences of NK t receptor antag- 
onists (Maggi, 1995). The human NK X receptor closely resem- 



R116301 



Aprepitant 



GR-203040 



L-760735 



CP-96345 



CP-99994 




bles the NK 2 receptor of guinea pigs and gerbils but differs 
markedly from the NK X receptor of rodents. Therefore, most 
tests are performed in guinea pigs and gerbils. Attention is 
paid to potency, selectivity, specificity, onset and duration of 
action, and species differences. Rl 16301 is compared with 
the following available NK X receptor antagonists (Fig. 1 for 
chemical structures): CGP49823 (Vassout et al., 1994), CP- 
96345 (Snider et al, 1991), CP-99994 (Piedimonte et al., 
1993), GR-203040 (Ward et al., 1995), MDL-103392 (race- 
mate of the active enantiomer MDL- 105212; Kudlacz et al., 
1996), aprepitant (MK-869 or L-754030; Kramer et al., 1998; 
Rupniak and Kramer, 1999), L-760735 (McAllister et al., 



CGP-49823 



Nolpitantium 



SDZrNKT-343 



RP-67580 



MDL-103392 




Fig. 1. Chemical structure of Rl 16301 [(S)-hydroxybutanedioate salt] and the reference NKj receptor antagonists. 
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1999), RP-67580 (Garret et al., 1991), SDZ-NKT-343 (Wal- 
pole et al., 1998), nolpitantium (SR-140333; Emonds-Alt et 
al., 1993). The testing of some compounds was restricted by 
limited availability. The sensitivity, reliability, and specific- 
ity of the various test models is evaluated based on the 
results obtained with the test compounds. A preliminary 
article on Rl 16301 has been presented in poster format 
(Jurzak et al., 2000). A patent application has been filed 
(Janssens et al., 1997). 



Materials and Methods 

Animals 

Swiss mice (Janssen Pharmaceutica, Beerse, Belgium), Wistar 
rats (Janssen Pharmaceutica), Mongolian CRW gerbils (Meriones 
unguiculatus; Charles River Breeding Laboratories, Inc., Sulzteld, 
Germany), Dunkin-Hartley-Purbright guinea pigs (Janssen Phar- 
maceutica or Charles River Breeding Laboratories, Inc.), Fish ferrets 
(Harlan CPB, Horst, The Netherlands), New Zealand white rabbits 
(Broekman Institute, Someren, The Netherlands), cats (Broekman 
Institute), and Beagle dogs (Janssen Pharmaceutica or Harlan CPB) 
were used. They were fasted overnight (tap water remained avail- 
able ad libitum) and housed under standard laboratory conditions 
(21 ± 2°C; 65 ± 15% relative humidity; light/dark cycle set at 12 h). 
During the test period, they were housed in individual cages. The 
ferrets, cats, and dogs were used more than once, with an intertrial 
interval of at least 1 week. All animal studies were approved by the 
local Ethical Committee in compliance with the Declaration of Hel- 
sinki. 

Chemicals and Test Compounds 

Rl 16301 was dissolved up to 2.5 mg/ml in 10% hydroxypropyl-)3- 
cyclodextrin. Higher doses were prepared as suspensions in 1% poly- 
sorbate 80 in distilled water. The preparations were stored at room 
temperature in closed containers protected from light. They were 
studied at various time intervals after subcutaneous (10 ml/kg for 
mice, rats, and guinea pigs; 1.0 ml/kg for rabbits; 0.5 ml/kg for cats 
and dogs), oral (10 ml/kg for mice, rats, and guinea pigs; 1.0 ml/kg for 
rabbits; 0.5 ml/kg for cats and dogs), or intravenous administration 
(10 ml/kg for mice; 2 ml/kg for rats; 0.5 ml/kg for rabbits, cats, and 
dogs). All doses were expressed in milligram base equivalents per 
kilogram body weight. With the exception of aprepitant (L-754030 or 
MK-869; synthesized by and obtained from Johnson & Johnson 
Pharmaceutical Research Institute and Development, Springhouse, 
NJ) and L-760735 (synthesized by our Department of Medicinal 
Chemistry), the reference compounds were kindly provided by the 
companies of origin: CGP49823 and SDZ-NKT-343 (Novartis, Basel, 
Switzerland); CP-96345 and CP-99994 (Pfizer, Sandwich, Kent, UK); 
GR-203040 

(GlaxoSmithKline, Uxbridge, Middlesex, UK); MDL-103392 (Aven- 
tis, Strasbourg, France); RP-67580 (Aventis); saredutant/SR-48968, 
nolpitantium/SR-140333, and osanetantfSR- 142801 (SANOFI Re- 
search Center, Montpellier, France). For all these compounds with 
exception of SR-140333 and SDZ-NKT-343, some batches were syn- 
thesized in our Department of Medicinal Chemistry. The origin of 
the other chemicals is indicated in parentheses after each name: 
substance P (Sigma-Aldrich, St. Louis, MO), [/3ALA 8 ] -neurokinin A 
(4-10) (NovaBiochem, Laufelfingen, Switzerland), capsaicin (Sigma- 
Aldrich), PAF (Sigma-Aldrich), bradykinin (Sigma-Aldrich), hista- 
mine (Sigma-Aldrich), and Evans blue dye (Sigma-Aldrich; Direct 
blue 53; dye content approximately 85%). Ascaris suum worms were 
obtained from freshly slaughtered pigs. A batch of about 20 ml of 
perienteric fluid was centrifuged; the clear supernatant was divided 
in 0.1-ml portions and stored at -18°C. The injected solutions of 
Ascaris coeloma fluid were fresh 1:16 dilutions in 0.9% NaCl. 



Pharmacological Tests 

In Vitro Receptor Binding. Membrane preparation from cells. 
Chinese hamster ovary cells expressing human (h)NK 1} NKj or NK 3 
receptors were grown in Dulbecco's modified Eagle's medium/HAM's 
F-12 medium containing 10% fetal calf serum and antibiotics. Twen- 
ty-four hours after stimulation with 5 mM Na-butyrate to enhance 
expression levels, the cells were collected from plates using a rubber 
scraper and suspended in 50 mM Tris-HCl, pH 7.4. They were 
centrifuged at 23,500^ for 10 min in a Sorvall-RC 5B centrifuge 
(DuPont Instruments, Meyvis, Belgium). The pellets were homoge- 
nized in 5 mM Tris-HCl, pH 7.4, using an Ultra-Turrax homogenizer 
(Janke & Kunkel IKA Labortechnik, Staufen im Breisgau, Germany) 
and centrifuged at 30,000g for 20 min. The final pellet was sus- 
pended in 50 mM Tris-HCl, pH 7.4. The membranes were frozen in 
1-ml aliquots -70°C. Before use, vials were thawed and rehomog- 
enized in incubation buffer B (50 mM Tris-HCl, pH 7.4, containing 2 
mM MgCl 2 , 1 mM EGTA, and 0.1% bovine serum albumin). The 
protein concentration was determined after using a Bradford kit 
from Bio-Rad (Hercules, CA). 

Membrane preparation from brain tissue. To prepare membranes 
for [ 3 H1 substance P binding from guinea pigs, gerbils, ferrets, and 
rats, animals were killed by decapitation, and the forebrains were 
dissected. The tissue was homogenized in 50 mM Tris-HCl, pH 7.4, 
using an Ultra-Turrax homogenizer. The homogenates were centri- 
fuged at 23,500# for 10 min at 0-4°C in a Sorvall-RC 5B centrifuge. 
The pellets were washed twice in 50 mM Tris-HCl, pH 7.4, by 
resuspension with a dual-homogenizer (Kimble Kontes, Vineland, 
NJ) and centrifugation. After the last wash, the pellets were sus- 
pended in incubation buffer A [50 mM Tris-HCl, pH 7.4, containing 
2 mM MgCl 2 , 1 mM EGTA, 1 mM o-phenantrolin, and 0.1% bovine 
serum albumin at a dilution of 25 volumes/original wet weight of 
tissue (v/w)]. The final pellet of rat forebrain was suspended in 
incubation buffer B at a dilution of 40 v/w. Guinea pig, gerbil, and rat 
forebrain membranes were always freshly prepared. For ferret fore- 
brain, the membranes were prepared in 50 mM Tris-HCl, pH 7.4, 
and stored at a dilution of 5 v/w at -70°C. Before use, these mem- 
branes were thawed and further diluted until dilution of 25 v/w in 
incubation buffer A. 

[ 3 H]Substance P binding to NKj receptors and data analysis. The 
membrane homogenates were incubated for 20 min at 25°C with 0.5 
nM [ 3 H]SP (for rat membranes 1 nM was used) in a total volume of 
0.5 ml. Specific binding of the radioligand was distinguished from 
nonspecific binding by addition of unlabeled SP to a final concentra- 
tion of 10 7 M. The incubation was stopped by the addition of 5 ml of 
ice-cold 50 mM Tris-HCl buffer, pH 7.4, followed by rapid filtration 
over Whatman GF/B glass fiber filters (Maidstone, Kent, UK) (pre- 
soaked in 0.1% polyethylenimine for 1 h) using a 40-well filtration 
unit. The filters were washed twice with ice-cold buffer to remove 
nonbound radioactivity and placed in plastic miniature vials. After a 
24-h incubation with 2 ml of Ultima Gold scintillation cocktail, vials 
were vigorously shaken, and the radioactivity was counted in a 
Packard Tri-Carb 1500 CA liquid scintillation analyser (Packard 
Bioscience, Meriden, CT). 

Rl 16301 was also investigated in various other in vitro binding 
assays using membrane preparations of animal tissue or membranes 
of cell lines transfected with cloned human receptors. Brain, periph- 
eral organs, blood of animal or human origin, or permanent cell lines 
were used as tissue sources. The procedures for membrane prepara- 
tions and references to the various receptor binding models were 
described previously (Briejer et al., 2001). 

Substance P-Induced Plasma Protein Extravasation in 
Guinea Pigs. SP (2 /ig/kg, i.v.) and Evans blue dye (30 mg/kg, i.v.) 
were injected simultaneously (one solution; 4 ml/kg) into the femoral 
artery of guinea pigs of both sexes (325-425 g) at predefined, loga- 
rithmically spaced, time intervals (1, 2, 4, 8, 16 or 32 h) after 
pretreatment with test compound or solvent. Up to 10 min after 
challenge, the animals were scored by visual inspection for blue 
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coloring (0, 1, 2, or 3) of the nose, the forepaws, and the conjunctiva. 
The criterion for drug-induced inhibition of plasma extravasation: 
score <2 (occurrence in 0.2, 0.0, and 0.0% for blue coloring of the 
nose, paws, and conjunctiva, respectively, in saline-treated controls; 
n = 500). 

Capsaicin-Induced Ear Edema in Mice. Ear edema was in- 
duced by local application of capsaicin (250 /xg) on the ear of female 
mice (20-26 g) pretreated with test compound or solvent (modified 
after Inoue et al., 1996). The capsaicin was dissolved in acetone at a 
concentration of 12.5 mg/ml and applied in a volume of 10 /llI both on 
the ventral and dorsal side of the left ear. Pure acetone was applied 
in a volume of 10 /xl both on the ventral and dorsal side of the right 
ear, which served as a control measure. Immediately after the cap- 
saicin challenge, Evans blue dye (7.5 mg/ml in 0.9% NaCl) was 
injected intravenously in a volume of 10 ml/kg, corresponding to a 
dose of 75 mg/kg. Thirty minutes after the capsaicin application, ear 
edema was scored (0, 1, 2, or 3) as the blue coloring of the left ear. 
Criterion for drug-induced inhibition: score <2 (never observed in 
controls; n = 62). 

Substance P-Induced Salivation and Plasma Protein Ex- 
travasation in Rats. Plasma protein extravasation and salivation 
were induced by injection of SP (2 jug/4 ml/kg, i.v.) in the tail vein of 
female rats (200-240 g) that were anesthetized with pentobarbital 
(40 mg/kg, i.p.; 10 min before the SP challenge) and placed on a 
heating pad to maintain body temperature [modified after Snider et 
al. (1991); Robineau et al. (1995)]. Evans blue dye (30 mg/kg, i.v.) was 
injected simultaneously with SP (one solution; 4 ml/kg). Test com- 
pound or solvent was administered at a predefined time interval 
before SP injection. From 0 through 4 min after the SP challenge, 
salivation was measured by placing cotton swabs in the rat's mouth 
at 2-min intervals and quantifying the amount of saliva secreted by 
the difference in the weight of the two cotton swabs before and after 
the collection period. Five minutes after challenge, the animals were 
scored for blue coloring (0, 1, 2, or 3) of the nose and the paws. Thirty 
minutes after challenge, the animals were sacrificed by C0 2 asphyx- 
iation and scored (0, 1, 2, or 3) for blue coloring of the trachea and 
urinary bladder. Criteria for drug-induced inhibition: <100 mg of 
saliva for inhibition of salivation (2.0% in controls; n > 100); score <2 
for inhibition of plasma extravasation (0, 0, 1.0, and 1.0 for blue 
coloring of the nose, paws, trachea, and urinary bladder, respec- 
tively, in controls). 

Skin Reaction Test in Guinea Pigs: SP, Histamine, PAF, 
Bradykinin, and Ascaris Allergens. Five dorsal skin sites of 
guinea pigs of both sexes (300-500 g) were injected intradermally 
(0.05 ml) with saline containing SP (0.05 jig), histamine (0.25 /xg), 
PAF (0.00625 /xg), bradykinin (0.1 tig), and Ascaris allergens (1/16 
diluted with saline). Immediately thereafter, the animals were chal- 
lenged i.v. with Evans blue dye (30 mg/kg; 7.5 mg/ml, 4 ml/kg) and 
sacrificed 30 min later. The intensity of the blue-colored skin reac- 
tions was scored by two independent observers in comparison with 
standard reactions. The scoring system was maximal (4), pronounced 
(3), moderate (2), slight (1), and no difference (0) with surrounding 
skin. The scores of the two observers were summed for further 
evaluation. Test compound or solvent was administered at a pre- 
defined interval before induction of the skin reactions. Criteria for 
drug-induced effects were: 1) SP reactions: score <7 for inhibition, 
score <5 for pronounced inhibition, and score <3 for blockade (oc- 
curring in 3.6, 0.0, and 0.0%, respectively, of solvent-treated control 
guinea pigs; n = 57); 2) histamine reactions: score <7 for inhibition 
and score <3 for blockade (occurring in 3.6% and 0.0%, respectively, 
of the controls); 3) PAF reactions: score <7 for inhibition and score 
<3 for blockade (both occurring in 0.0% of the controls); and 4) 
bradykinin reactions: score <7 for inhibition and score <3 for block- 
ade (both occurring in 0.0% of the controls); and 5) Ascaris allergens 
reactions: score <3 for blockade (occurring in 5.4% of the controls). 

SP-Induced Thumping in Gerbils. Male gerbils (50-70 g) were 
prepared for intracerebral injection under anesthesia (exposure to 
4% isoflurane in 70% N 2 0 + 30% 0 2 during 1 min) by making an 



incision in the skin above the cranium (modified after Bristow and 
Young, 1994 and Rupniak et al., 1997). SP (400 ng in 2 jxl) was 
rapidly injected into the cerebral ventricles after advancing a Ham- 
ilton needle 3.5 mm below a point 2 mm anterior to bregma and 1 mm 
lateral to the midline; the needle was removed 10 s later. The 
animals were observed for thumping behavior during the following 5 
min. Thumping was defined as a sharp downward movement of the 
hind-paws producing a characteristic rhythmic tapping sound. The 
onset of the SP-induced thumping, the total number of thumps, and 
the total thumping time (seconds) were registered. The animals were 
then immediately euthanized with C0 2 . For the present purpose, 
absence of thumps during the 5-min observation period was adopted 
as an all-or-nothing criterion for inhibition of the SP-induced thump- 
ing (1.2% false positive controls; n = 625). 

[0ALA 8 ]-NKA (4-10)-Induced Lethality in Guinea Pigs. The 
following phenomena were scored or noted after injection of 1/3ALA 8 ]- 
neurokinin A (4-10) (50 /xg/4 ml/kg; i.v.) into the vena saphena of 
female guinea pigs (300-500 g) pretreated with test compound or 
solvent: cough (intensity scores: 0, 1, or 2), white ocular discharge 
(scores: 0, 1, or 2), dyspnoea (score 1 = cyanosis, score 2 = dyspnoea, 
score 3 = loss of righting reflex and/or clonic convulsions), and 
lethality (the survival time up to 60 min after [/3ALA 8 ]-NKA (4-10) 
challenge is noted) (modified after Robineau et al., 1995). [/3ALA 8 ]- 
neurokinin A (4-10) is a metabolism-resistant analog of neuroki- 
nin-A with a high degree of selectivity for the NKj receptor (Rovero 
et al., 1989). The various phenomena generally occurred within 3 to 
5 min after the [/3ALA 8 j-NKA (4-10) challenge. The following all-or- 
nothing criteria were adopted for the determination of the ED f)0 
values of the test compounds: score = 0 for antagonism of cough 
(occurrence: 0.0% false positives in the control population; n = 96), 
score = 0 for antagonism of ocular discharge (2.1% false positives), 
score <2 for protection from dyspnoea (1.0% false positives), and 
survival time >60 min for protection from lethality (5.2% false pos- 
itives). 

Emesis in Ferrets, Cats, and Dogs. Vomiting or retching was 
induced by the peripherally selective opioid loperamide (0.31 mg/kg, 
s.c), by ipecac syrup (1 ml/kg, p.o.; from a commercial source and 
containing ether-soluble alkaloids of ipecac in a concentration of 1.4 
mg/ml), by the dopamine agonist apomorphine (0.31 mg/kg, s.c), or 
by the a 2 -adrenoceptor agonist xylazine (1.25 mg/kg, s.c.) in male 
ferrets (1-3 kg), cats (3-7 kg), or dogs (5-20 kg) pretreated with test 
compound or solvent. The number of retches or vomits was counted 
over a 1 h-period or (in the case of ipecac syrup-induced emesis in 
cats) a 3 h-period starting immediately after the emetic challenge. 

Loperamide- induced retching in ferrets. In control animals pre- 
treated with solvent, loperamide (0.31 mg/kg, s.c.) induced pro- 
nounced retching (mean ± S.D.: 95 ± 39 counts; n = 529) and, to a 
lesser extent, vomiting (5 ± 4). All-or-nothing criteria for drug- 
induced effects on retching: <20 retches for inhibition (2.0% false 
positives) and 0 retches for blockade (0% false positives). 

Ipecac syrup-induced retching in ferrets. Oral administration of 
ipecac syrup induced pronounced retching (mean ± S.D.: 76 ± 36 
counts) and, to a lesser extent, vomiting (mean ± S.E.: 5.6 ± 2.3 
counts; n = 98) in control animals. Absence of retching or vomiting 
never occurred in these control animals and was used as criterion for 
antiemetic activity. 

Apomorphine-induced retching in ferrets. Injection of apomorphine 
resulted in pronounced retching in control ferrets (mean ± S.D.: 63 ± 
29 counts; n = 92) and, to a lesser extent, vomiting (mean ± S.D.: 
3.1 ± 2.0 counts). Absence of retching never occurred in these control 
animals and was used as criterion for antiemetic activity. Vomiting 
was absent in 13% of the control animals. 

Apomorphine-induced vomiting in dogs. Apomorphine induced 
consistent vomiting in all control dogs (mean ± S.D.: 10 ± 5 vomits; 
n = 195). Criteria for drug-induced protection: inhibition of emesis: 
<2 emetic bouts (occurring in 0.12% of controls); blockade of emesis: 
complete absence of emesis (not observed in controls). 

Xylazine-induced retching in cats. Control cats (n = 113) retched 
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(mean ± S.D.: 41 ± 18 counts) and vomited (mean ± S.D.: 2.9 ± 1.8 
counts) after injection of xylazine. Absence of retching or vomiting 
never occurred and was used as criterion for antiemetic activity. 

Ipecac syrup-induced vomiting in cats. Oral administration of ip- 
ecac syrup induced vomiting and retching during a 3-h observation 
period in control cats pretreated with distilled water (n = 30). For 
practical reasons, only the number of emetic bouts was counted, 
which remained relatively low (mean ± S.E.: 4.5 ± 0.6 counts). 
Absence of vomiting never occurred and was used as the criterion for 
antiemetic activity. 

Senktide-Induced Miosis in Rabbits. Senktide (12.5 /xg/0.5 
ml/kg, i.v.Hnduced miosis was evaluated just before and 15 min 
after challenge in male New Zealand white rabbits (approximately 1 
kg) pretreated with test compound or solvent (1.0 ml/kg) (modified 
after Medhurst et al., 1997). The senktide was injected into an ear 
vein. The left pupil of each rabbit was measured under normal 
ambient lighting with a comparing reticule (scaled to 0.5 mm). In 
solvent-pretreated control rabbits (n = 73), pupil diameter declined 
from 6.0 ± 0.5 mm immediately before to 2.7 ± 0.7 mm 15 min after 
the senktide challenge. At this 15-min time interval after senktide 
injection, only two of the control rabbits (2.7%) showed a pupil 
diameter >5,0 mm, which was adopted as all-or-nothing criterion for 
significant inhibition of the senktide -induced miosis by test com- 
pounds. 

General Procedure and Statistics 

In Vitro Binding Studies. Sigmoidal inhibition curves were 
calculated by computerized nonlinear regression analyses according 
to Oestreicher and Pinto. pIC B0 values (-log concentration producing 
50% inhibition of specific [ 3 H]SP binding) were derived. Inhibition 
equilibrium constants (K t values) were calculated according to 
(nanomolar) = IC 60 /(1 + C/K d ), where C is the concentration and K d 
the equilibrium dissociation constant of the [ 3 H]SP. 

In Vivo Functional Studies. All experiments were performed by 
unbiased trained technicians using coded solutions. Doses were se- 
lected from the geometrical series 0.00063-0.00125-0.0025. . . 40.0- 
80.0-160 mg/kg in such a way that at least three doses covered the 
0 to 100% effect range of the dose-response curve. Each dose group 
consisted of five animals, which were tested in separate daily exper- 
imental sessions (including solvent-treated control animals) to ac- 
count for day-to-day variability and to minimize systematic errors. 
Control injections of solvent were included in each experimental 
session. Based on an analysis of a frequency distribution of a large 
series of the historical control data, all-or-nothing criteria for stim- 
ulation or inhibition were defined as a change of the measured or 
scored variable to values that never or almost never (in less than 5%) 
occurred in the control population. With the help of the thus defined 
all-or-nothing criteria, graded data were transformed to categorical 
data which generated per dose level the number of animals in which 
the intensity of a particular phenomenon was higher (stimulation) or 
lower (inhibition or blockade) than in the control animals. On the 
basis of the thus obtained dose-response relations, ED 50 values and 
corresponding 95% confidence limits were calculated by probit anal- 
ysis according to the method of Finney (1962) for categorical data. 

Results 

In Vitro Receptor Binding Profile 

Rl 16301 showed subnanomolar affinity for the human 
NK X receptor (pIC 50 ± S.D.: 8.53 ± 0.06; K { : 0.45 nM; n = 4 
replicates), with 230- and 1600-fold selectivity regarding 
binding to the human NK 3 (pIC 50 ± S.D.: 6.22 ± 0.14; K { \ 104 
nM; n = 3) and NK 2 (pIC 50 ± S.D.: 5.87 ± 0.36; K t : 711 nM; 
n - 4) receptors, respectively. R116301 showed very low 
affinity for human serotonin 5-HT 2B (pIC 50 ± S.D.: 5.68 ± 
0.15; K$ 928 nM; n = 2) and 5-ht 5a (pIC 50 ± S.D.: 5.16 ± 0.04; 



K { : 3544 nM; n = 2) receptors and for rat Ca 2+ ligand binding 
sites (pIC 50 ± S.D.: 5.45 ± 0.15; K { : 2454 nM; n = 3) and Na + 
channels (pIC 50 ± S.D.: 5.60 ± 0.17; K % \ 2526 nM; n = 3). Up 
to 10 /xM, the compound had no affinity for a wide range of 
other binding sites, including adrenergic receptors (human 
«ia-> «2A"> «2b-> <*2C-> /V> ftr> dopaminergic (rat D x ; 
human D 2L , D 3> and D 4 ), serotonergic (human 5-HT 1A , 
5-HT 1B , 5-HT 1D , 5-ht le , 5-ht lf> 5-HT 2A , 5-HT 2C , 5-HT 3 , 
5-HT 4b , and 5-HT 7 ), human histamine H lP rat cholinergic 
muscarinic, transporters (rat DA, NE; human 5-HT, GlyT t , 
and GlyT 2 ), aspartate (rat NMDA-MK801, NMDA-glycine, 
and AMPA), opioid (human 8; guinea pig k), human halo- 
peridol-sensitive cr lt peptide receptors (rat CCK A ; human 
CCK B , bradykinin-B 2 , VIP). Since tachykinin receptors are 
known to exhibit strong species dependence in pharmacology, 
the NK A affinity of Rl 16301 was investigated on tissue mem- 
brane preparations from forebrains of guinea pigs, gerbils, 
ferrets, and rats. Relative to its affinity for the human NK a 
receptor, Rl 16301 showed about 10 times lower affinity for 
the gerbil, ferret, and guinea pig NK X receptors (K{. 6.4, 8.3, 
and 13 nM, respectively) and 200 times lower affinity for the 
rat NK 3 receptor (K { : 98 nM). These results show a high 
affinity, selectivity, and specificity of R116301 for the human 
NK 1 receptor and a species preference as generally observed 
for other NK X receptor antagonists as well. 
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Fig. 2. Individual scores (ranging from 0 to 3) for SP-induced blue 
coloring of the nose, forepaws, and conjunctiva of guinea pigs 1 h after s.c. 
pretreatment with saline (n = 10) or various doses of R1I6301 (n = 5/dose 
group). The individual scores are represented by small, white, vertical 
bars (5/dose group) on a black background. In this way, the degree of 
inhibition can be readily estimated from the visible area of black back- 
ground. 
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TABLE 1 

ED 50 values (95% CL; milligrams per kilogram) of R116301 and reference receptor antagonists for inhibition of SP-induced extravasation in 
guinea-pigs 



ED 50 (95% Confidence Limits) 

Compound Route Time 

Nose Paws Conjunctiva 







L 

n 




mg/kg 




R116301 


s.c. 


1 


0.097 (0.072-0.13) 


0.11 (0.091-0.14) 


0.085 (0.057-0.13) 




p.o. 


1 


0.26 (0.17-0.38) 


0.26 (0.17-0.38) 


0.29 (0.22-0.40) 






16 


0.68 (0.42-1.1) 


0.68 (0.42-1.1) 


1.5(1.0-2.3) 




i.v. 


5 min 


0.11(0.075-0.17) 


0.074 (0.055-0.10) 


0.042 (0.031-0.058) 


GR-203040 


s.c. 


1 


0.0031 (0.0023-0.0042) 


0.0041 (0.0030-0.0055) 


0.0024 (0.0017-0.0032) 




p.o. 


1 


0.59 (0.43-0.79) 


0.67 (0.45-1.0) 


0.59 (0.43-0.79) 


Nolpitantium 


s.c. 


1 


0.050 (0.023-0.0042)° 


0.050 (0.023-0.11)" 


0.050 (0.023-0.11)" 




s.c. 


4 


>0.16 


>0.16 


>0.16 




p.o. 


i 

-L 


>2.5 


>2 5 




Aprepitant 


s.c. 


1 


0.028 (0.023-0.035) 


0.032 (0.024-0.044) 


0.028 (0.023-0.035) 




p.o. 


1 


0.085 (0.063-0.11) 


0.13 (0.086-0.19) 


0.064 (0.048-0.087) 


L-760735 


s.c. 


1 


0.056 (0.046-0.070) 


0.065 (0.048-0.088) 


0.065 (0.048-0.088) 


CP-99994 


s.c. 


1 


0.17 (0.12-0.23) 


0.17 (0.12-0.23) 


0.17 (0.12-0.23) 




p.o. 


1 


21 (16-29) 


25 (18-33) 


25 (18-33) 


CGP-49823 


s.c. 


1 


0.31 (---T 


0.31 (---)" 


0.31 (---)" 


CP-96345 


s.c. 


1 


0,22 (0.18-0.28) 


0.19 (0.14-0.26) 


0.59 (0.43-0.80) 




p.o. 


1 


2.7(1.7-4.3) 


2.3(1.4-3.8) 


3.6 (2.2-5.7) 




p.o. 


4 


>10 


>10 


>10 




p.o. 


16 


>40 


>40 


>40 


SDZ-NKT-343 


i.p. 


1 


2.5 (---r 


2.5 (---r 


2.5 (---)* 




p.o. 


1 


>10 


>10 


>10 


MDL-103392 


s.c. 


1 


5.4(3.6-8.0) 


>10 


8.1(5.4-12) 


RP-67580 


s.c. 


1 


10 (- - -Y 


10 (---)" 


>10 



a ED 50 estimated with only two to three instead of five animals per dose level. 



Inhibition of SP-lnduced Plasma Extravasation in Guinea 
Pigs 

Figure 2 shows individual scores (ranging from 0 to 3) for 
the SP-induced plasma extravasation in the nose, forepaws, 
and conjunctiva of guinea pigs 1 h after s.c. pretreatment 
with saline (n = 10) or various doses of Rl 16301 (n = 5/dose 
group). Rl 16301 reduced the scores dose dependency for 
blue coloring in the three organs. The ED 50 values for reduc- 
ing the scores below 2 were 0.097, 0.11, and 0.085 mg/kg for 
the nose, forepaws, and conjunctiva, respectively (Table 1). 

Table 1 compares Rl 16301 with other NK t receptor antag- 
onists at the indicated time interval after s.c, p.o., or i.v. 
administration. Regarding inhibition of extravasation in the 
nose after s.c. injection, R116301 (0.097 mg/kg) was 31 times 
less potent than GR-203040 (0.0031 mg/kg) but about equi- 
potent with aprepitant (0.028 mg/kg), nolpitantium (0.050 
mg/kg), CP-99994 (0.17 mg/kg), and CP-96345 (0.22 mg/kg). 
The p.o. over s.c. ED 50 ratio was much better for R116301 
(2.7) and aprepitant (3.0) than for CP-96345 (12), CP-99994 
(124), GR-203040 (190), and the quaternary compound nol- 
pitantium (>50). 

At 4 times the peak-effect dose (graphical estimated: 0.27 
mg/kg), R116301 showed a rapid onset (<1 h) and a relatively 
long duration of action (16 h; Fig. 3). In contrast, activity had 
already appreciably declined 4 h after s.c. injection of nolpi- 
tantium or p.o. administration of CP-96345 (Table 1). The 
rat-selective NK X receptor antagonist RP-67580 hardly in- 
hibited extravasation in guinea pigs at the dose of 10 mg/kg, 
s.c. After an s.c. dose of 40 mg/kg, the NKg receptor antago- 
nist saredutant (40 mg/kg, s.c), the NK 3 receptor antagonist 
osanetant (>40 mg/kg, s.c), and the histamine H x receptor 
antagonists oxatomide and levocabastine did not at all affect 
the SP-induced plasma extravasation at doses far above the 
dose required for their primary activity. 
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Fig. 3. ED 50 (milligrams per kilogram) of Rl 16301 for inhibition of 
SP-induced extravasation in the nose plotted versus time interval after 
oral administration. Vertical bars represent the 95% confidence limits to 
the ED 50 values. 



Skin Reaction Test in Guinea Pigs: SP, Histamine, 
PAF, and Bradykinin. R116301 (s.c, -2 h) was compared 
with the histamine H a receptor antagonist levocabastine 



702 Megens et al. 



HIS SP PAF BK ASC 

{mgykg) 
10 

5.0 
1.25 

0.63 M m ^ HI Si 
0.31 

0.16 __ B H §1 H 
0.09 

0 04 ■ H ^ Wi 

0.02 

0.01 9 __ H H i- 

0.005 ^| ^MWMWB 

0.0025 ^ ^ HI HI P_ 



Levocabastlne 
(P.O., -2 h) 



Skin reaction test in guinoa-pigs 

HIS SP PAF BK ASC HIS SP PAF BK ASC HIS SP PAF BK ASC.^" 

______ < m oftg> 

§1 _- B ■ HI 10 

5.0 

iilil 2.5 

ggggS 0.63 

0.31 

HHMIIII 11191 o.i6 

nan niai o.oa 

H M H I11!I1I!__'___1I1__I_ 0.04 

iiiii inn 0.02 
n n i inn 0.01 

0.005 
0.0025 



x 1° 8 i. 1° 8 
) 8 0 $ 

R1 16301 
(s.c, -2 h) 



0 8 0 6 

Y-24180 
<p.o.,-2h) 



Fig. 4. Individual scores (ranging from 0 to 8; n = 5/ 
dose group) for skin reactions induced by histamine, SP, 
PAF, bradykinin, and Ascaris allergens obtained in 
guinea pigs after pretreatment with the Hj receptor 
antagonist levocabastine (p.o., -2 h), the NKj receptor 
antagonist Rl 16301 (s.c, -2 h), the PAF antagonist 
Y-24180 (p.o., -2 h), or the BK 2 antagonist icatibant 
(i.v., —5 min). The individual scores are represented by 
small, white, horizontal bars (5 per dose group) on a 
black background. In this way, the degree of inhibition 
can be readily estimated from the visible area of black 
background. 



Icatibant 
(i.v., -5 min) 



(p.o., -2 h), the PAF antagonist Y-24180 (p.o., -2 h), and the 
BK 2 antagonist icatibant (i.v., —5 min) for its ability to an- 
tagonize histamine-, SP-, bradykinin-, PAF-, and Ascaris al- 
lergen-induced skin reactions in guinea pigs. Individual 
scores (ranging from 0 through 8) for the skin reactions are 
represented by horizontal bars (n = 5/dose group) in Fig. 4. 
ED 50 (and 95% confidence limits) of the test compounds for 
various levels of inhibition are mentioned below. 

R116301 was able to antagonize the SP-induced skin reac- 
tions from a median score of 8 in solvent-pretreated control 
animals to a score <7 [ED 50 : 0.080 (0.031-0.021) mg/kg] and, 
at slightly higher doses, to a score <5 [ED 50 : 0.18 (0.070- 
0.47) mg/kg]. Up to 10 mg/kg, however, R116301 was not able 
to block the SP reactions completely (score <3) or to affect the 
reactions induced by histamine, PAF, bradykinin, or Ascaris 
allergens. 

The histamine H t receptor antagonist levocabastine re- 
duced the histamine-induced skin reactions from a median 
score of 8 in solvent-pretreated control animals to a score <7 
[ED 50 : 0.0036 (0.0024-0.0053) mg/kg] and, at 3 times that 
dose, to a score <3 (ED 50 : 0.011 (0.0062-0.021) mg/kg). At 40 
times the lowest antihistamine dose, levocabastine was also 
able to inhibit the SP-induced skin reactions to a score <7 

TABLE 2 

ED 50 values (95% confidence limits; milligrams per kilogram) of R116301 and reference NKj receptor antagonists for inhibition of SP-induced 
thumping in gerbils 



(ED 50 : 0.14 (0.038-0.50) mg/kg). In contrast to R116301, 
however, levocabastine (up to 2.5 mg/kg) was not able to 
reduce scores to below 5. Levocabastine (up to 2.5 mg/kg) did 
not affect the PAF-, bradykinin-, or Ascaris allergen-induced 
reactions. The PAF antagonist Y-24180 reduced the scores 
for the PAF reactions from a median value of 8 in solvent- 
pretreated control animals to a score <7 (ED 50 : 0.032 (0.022- 
0.049) mg/kg) and <3 (ED 50 : 0.074 (0.050-0.11) mg/kg) but 
did not affect the other types of reactions (ED 50 : >0.16 mg/ 
kg). The bradykinin antagonist icatibant reduced the scores 
for the bradykinin reactions from a median value of 8 in the 
solvent-pretreated control animals to a score <7 (ED 50 : 0.028 
(0.021-0.038) mg/kg) and <3 (ED 50 : 0.098 (0.066-0.15) mg/ 
kg) but did not affect the other types of reactions (ED 50 : 
> 1.25 mg/kg). 

SP-induced Thumping in Gerbils. Table 2 lists ED 50 
values (95% confidence limits; milligrams per kilogram) of 
Rl 16301 and some other NK antagonists for inhibition of 
SP-induced thumping in gerbils. Together with GR-203040 
(ED 50 : 0.16 mg/kg, i.p.) and aprepitant (0.12 mg/kg, i.p.), 
Rl 16301 was the most potent antagonist of the SP-induced 
thumping (0.16 mg/kg, i.p.). Moreover, R116301 was only 2 
times less potent after oral rather than after intraperitoneal 



Compound 


Route 


Time 


ED B0 (95% Confidence Limits) 






h 


mg/kg 


Rl 16301 


i.p. 


0.5 


0.16 (0.076-0.33) 




p.o. 


1 


0.32 (0.1&-0.56) 


Aprepitant 


i.p. 


0.5 


0.12 (0.060-0.26) 


GR-203040 


p.o. 


1 


0.20 (0.092-0.44) 


i.p. 


0.5 


0.16 (0.092-0.28) 




p.o. 


1 


1.3 (0.60-2.6) 


L-760735 


i.p. 


1 


1.0 (0.48-2.1) 


CP-96345 


p.o. 


1 


2.5 (1,2-5.3) 


i.p. 


0.5 


5.0 (2.1-12) 




p.o. 


1 


-40 


CP-99994 


i.p. 


0.5 


6.3 (3.0-13) 




p.o. 


1 


>40 


CGP-49823 


i.p. 


0.5 


13 (7.2-22) 




p.o. 


1 


>40 


MDL-103392 


i.p. 


0.5 


>10 




p.o. 


1 


>40 


Nolpitantium 


i.p. 


0.5 


>40 
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Fig. 5. ED 50 values (milligram per kilogram, p.o.) of R116301 for inhibi- 
tion SP-induced thumping in gerbils plotted as function of time after oral 
administration. Vertical bars represent the 95% confidence limits to the 



administration (ED 50 : 0.32 and 0.16 mg/kg, respectively). 
Except for aprepitant (1.7) and L-760735 (2.5), the corre- 
sponding ratio was higher for the other NK X receptor antag- 
onists: GR-203040 (8.1), CGP-49823 (>3.1), CP-99994 (>6.3), 
and CP-96345 (>8). In line with their known selectivity, the 
NKg receptor antagonist saredutant (ED 50 : >40 mg/kg, i.p.; 
>40 mg/kg, p.o.) and the NK 3 receptor antagonist osanetant 
(ED 50 : >10 mg/kg, s.c; >10 mg/kg, p.o.) did not affect the 
SP-induced thumping, confirming the selectivity of the assay. 
Graphically estimated at 4 times the peak-effect dose (graph- 
ical estimate, 0.25 mg/kg at 2 h), R116301 showed a rapid 
onset (<30 min) and a duration of action of 7.0 h after oral 
administration (Fig. 5). 



Protection Against Loperamide-induced Retching 
in Ferrets. In control animals pretreated with solvent, lop- 
eramide (0.31 mg/kg, s.c; n = 529) induced pronounced 
retching (mean ± S.D.: 95 ± 39 counts) and, to a lesser 
extent, vomiting (5 ± 4), R116301, GR-203,040, L-760735, 
aprepitant, CP-96,345, and CP-99,994, but not SDZ-NKT- 
343, antagonized the loperamide-induced emesis dose depen- 
dency. Table 3 lists the ED 50 values (milligrams per kilo- 
gram) for inhibition (<20 retches) and blockade (0 retches) of 
the loperamide-induced retching obtained 1 h after subcuta- 
neous or 2 h after oral administration. Blockade of retching 
was generally obtained at 2 to 3 times the dose required for 
inhibition and always accompanied by complete blockade of 
vomiting. For the studies, Rl 16301 was the only compound 
antagonizing the retching at comparable doses after both 
routes of administration. GR-203040 was 5 times and CP- 
99994 25 times less potent after p.o. than after s.c. dosing. 
GR-203040 was the most potent compound but induced be- 
havioral side effects, such as muscular hypotonia, ataxia, and 
tremors. Slight tremors were also observed with aprepitant 
at the highest dose of 5 mg/kg, p.o. Rl 16301 did not affect overt 
behavior up to the highest dose tested (10 mg/kg, s.c; 40 mg/kg, 
p.o.). As might be expected, the opioid antagonists naloxone 
[ED 50 (and 95% confidence limits): 0.24 (0.13-0.44) mg/kg], 
naltrexone [0.016 (0.012-0.022) mg/kg, s.c], methylnaltrexone 
[3.8 (2.1-7.0) mg/kg], and LY255582 [0.0054 (0.0033-0.0087) 
mg/kg] were also able to block loperamide-induced emesis at 1 h 
after s.c injection. The peripheral dopamine antagonist domp- 
eridone (10 mg/kg, s.c, — 1 h), the 5-HT 3 antagonist granisetron 
(2.5 mg/kg, p.o., -2 h), and the NK3 receptor antagonist osan- 
etant did not affect loperamide-induced emesis. 

Antiemetic Spectrum. Table 4 lists the ED 50 values of 
Rl 16301 for complete blockade of retching or vomiting in- 
duced by various emetics in ferrets, cats, and dogs. 

Ferrets. The effects against loperamide have been dis- 
cussed in detail above. Rl 16301 also completely blocked ip- 
ecac syrup-induced retching (in controls: 76 ± 36 counts; 
mean ± S.D., n = 98) and vomiting (in controls: 5.6 ± 2.3 
counts; mean ± S.D.) with an ED 50 of 1.2 (0.85-1.8) mg/kg for 
both effects. The serotonin 5HT 3 antagonist granisetron (2 h, 
p.o.) was also able to completely block emesis [ED 50 and 95% 
confidence limits: 0.065(0.038-0.11) mg/kg]. Neither nalox- 
one (10 mg/kg, s.c, 1 h) nor domperidone (10 mg/kg, s.c, 1 h) 
affected ipecac syrup emesis in ferrets. 



TABLE 3 

ED 50 values (milligrams per kilogram) for inhibition and blockade ofloperamide (0.31 mg/kg, s.c.)-induced retching in ferrets at 1 h after 
subcutaneous or 2 h after oral administration 



ED 5n (95% Confidence Limits) 

Compound Route Time 



(^Retches) Blockade (0 Retches) 







h 




mg/kg 


R116301 


s.c. 


1 


1.3 (0.60-2,6) 


3.2 (1.5-6.6) 




p.o. 


2 


1.6 (0.91-2.8) 


2.5 (1.4-^.4) 


GR-203,040 


s.c. 


1 


0.020 (0.014-0.030) 


0.064 (0,037-0.11) 




p.o. 


2 


0.10(0.058-0.17) 


0.20 (0.12-0.35) 


L-760735 


s.c. 


1 


0.24 (- - -r 


0.31 (- - -r 


Aprepitant 


p.o. 


2 


0.67 (0.45-1.0) 


3.1(1.9-5.0) 


CP-96,345 


s.c. 


1 


5.0 (- - -r 


>10.0 


CP-99,994 


s.c. 


1 


0.25 (0.12-0.53) 


0.63 (0.36-1.1) 




p.o. 


2 


6.3(3.6-11) 


>10.0 


SDZ-NKT-343 


p.o. 


2 


>2.5 


>2.5 



0 ED 60 estimated based on a limited number of animals tested per dose group. 
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TABLE 4 

ED 50 values (milligrams per kilogram) of R116301 for blockade of retching or vomiting induced by various emetic stimuli in ferrets, cats, and dogs 
at the indicated time interval after oral administration 



Species 


Emetic Stimulus 


Response 


ED 50 (95% CD 


Time 








mgikg 


h 


Ferret 


Loperamide 


Retching 


2.5 (1.4-4.4) 


2 




Ipecac syrup 


Retching 


1.2 (0.85-1.8) 


2 




Apomorphine 


Retching 


1.2 (0.82-1.9) 


2 


Dog 


Apomorphine 


Vomiting 


1.8 (1.2-2.9) 


2 


Cat 


Xylazine 


Retching 


0.72 (0.39-1.3) 


1 


Cat 


Ipecac syrup 


Vomiting 


1.2 (0.85-1.9) 


2 



Rl 16301 (p.o., 2 h) completely blocked apomorphine-in- 
duced retching (in controls: 63 ± 29 counts; mean ± S.D., n = 
92) in ferrets with an ED 50 (and 95% confidence limits) of 1.2 
(0.82-1.9) mg/kg. The corresponding ED 50 of the peripheral 
dopamine antagonist domperidone (s.c, 2 h) was 0.035 
(0.013-0.091) mg/kg. Blockade of retching was always ac- 
companied by complete blockade of vomiting. The opiate an- 
tagonist naloxone (s.c, — 1 h) potentiated rather than inhib- 
ited apomorphine-induced emesis, as indicated by the mean 
(±S.E.M.) number of retches obtained at the various doses: 
63 ± 3 retches in controls (n = 92), 66 ± 9 retches at 0.04 
mg/kg (n = 6), 105 ± 6 retches at 0.16 mg/kg (n = 6), 133 ± 
16 retches at 0.63 mg/kg (n = 6), 189 ± 18 retches at 2.5 
mg/kg (n = 6), and 188 ± 21 retches at 10 mg/kg (n = 6). The 
ED 50 (and 95% confidence limits) of naloxone for inducing 
more than 125 retches (occurrence in only 2% of the control 
animals) was 0.40 (0.19-0.83) mg/kg. A similar potentiation 
was also observed to a lesser extent with another, very potent 
opiate antagonist LY255582 (ED 50 against loperamide-in- 
duced retching: 0.0054 mg/kg, s.c; see above): 63 ± 9 retches 
at 0.02 mg/kg, 99 i 9 retches at 0.04 mg/kg (n = 6), and 
102 ± 10 retches at 0.16 mg/kg (n = 6). 

Dogs. Rl 16301 blocked apomorphine-induced vomiting 
dose dependency (in controls: 10 ± 5 counts; mean ± S.D., 
n = 195) 2 h after oral administration. The ED 50 for complete 
blockade was 1.8 (1.2-2.9) mg/kg. The corresponding ED 50 
(and 95% confidence limits) of the peripheral dopamine an- 
tagonist domperidone obtained 2 h after oral administration 
was 0.031 (0.021-0.045) mg/kg. 

Cats. Rl 16301 completely blocked xylazine-induced retch- 
ing (in controls: 41 ± 18 counts; mean ± S.D., n = 113) and 
vomiting (in controls: 2.9 ±1.8 counts; mean ± S.D.) 1 h after 
oral administration with ED 50 values of 0.72 (0.39-1.3) 
mg/kg and 0.55 (0.30-1.0) mg/kg, respectively. R116301 did 
not affect the xylazine-induced sedation that was observed in 
all cats or overt behavior up to 10 mg/kg, p.o. In contrast, 
both the retching and the sedation was antagonized by a 2 - 
adrenoceptor blockers, such as idazoxan [ED 50 : 0.11 (0.075- 
0.17) mg/kg and 0.098 (0.073-0.13) mg/kg, respectively], mir- 
tazapine [7.1 (4.7-11) mg/kg and 4.1 (3.0-5.5) mg/kg, 

respectively], and mianserin [9.3 ( ) x mg/kg and 5.4 (3.6- 

8.0) mg/kg, respectively]. 

Rl 16301 antagonized ipecac syrup-induced vomiting (in con- 
trols: 4.5 ± 0.6 counts; n = 30) in cats. The ED 50 for complete 
suppression was 1.2 (0.85-1.9) mg/kg. In controls, the vomiting 
was always preceded by plaintive meowing. This meowing was 
completely suppressed by Rl 16301, suggesting that the com- 



1 No confidence limits. The ED 50 was estimated based on blockade of retch- 
ing in three of five animals at the highest tested dose of 10 mg/kg. 



pound not only antagonized emesis but nausea as well. It is also 
worthwhile to mention that Rl 16301 (up to 10 mg/kg) did not 
affect the incidence of diarrhea that occurred in all cats within 
2 h after the ipecac syrup. R116301 was also devoid of effects on 
overt behavior (up to 10 mg/kg). 

Time Course of Antiemetic Activity in Ferrets and 
Dogs. The ED 50 values for antagonism of loperamide- 
induced retching in ferrets obtained at several time inter- 
vals after oral administration of Rl 16301 have been plot- 
ted as a function of time in Fig. 6. R116301 showed its peak 
effect already within 1 h after gavage (graphically esti- 
mated ED 50 for complete suppression of retching: 1.5 mg/ 
kg). At 4 times this peak-effect dose, Rl 16301 showed a 
(graphically estimated) duration of antiemetic action of 
approximately 12 h. 

Figure 7 shows the ED 50 values (and 95% confidence lim- 
its; milligrams per kilogram) obtained for inhibition and 
blockade of apomorphine-induced emesis in dogs at several 
time intervals after p.o. administration of R116301. R116301 
showed its peak effect already within 3 to 4 h after gavage 
(graphically estimated ED 50 at time of peak effect: 0.80 and 




time (h) 

Fig. 6. ED 50 (milligrams per kilogram, p.o.) of Rl 16301 for inhibition 
(<20 retches) and blockade (0 retches) of loperamide-induced retching in 
ferrets plotted as function of time after oral administration. Vertical bars 
represent the 95% confidence limits to the ED 0O values. 
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Fig. 7. ED 50 (milligrams per kilogram, p.o.) of Rl 16301 for inhibition (<2 
emetic bouts) and blockade (absence of emesis) of apomorpbine-induced 
emesis in dogs plotted as a function of time after oral administration of 
the NK A receptor antagonist. Vertical bars represent the 95% confidence 
limits to the ED 50 values. 

TABLES 

ED 50 values (95% confidence limits; milligrams per kilogram) for 
inhibition of capsaicin -induced ear oedema in mice obtained at several 
time intervals after s.c. or p.o. administration of the test compounds 



Test compound Route Time ED 50 (95% CL) 





h 


mglkg 


R116301 s.c. 


1 


19.0(12-30) 




2 


28.0(18-46) 




4 


11.0(6.7-17) 




8 


28.0 (19-42) 




16 


32.0 (22-49) 




32 


>40.0 


p.o. 


1 


21.0(14-32) 


GR-203040 s.c. 


1 


1.8(1.2-2.7) 


p.o. 


1 


3.1(2.1-4.6) 



1.7 mg/kg for inhibition and blockade, respectively). At 4 
times this peak-effect dose, Rl 16301 showed a rapid onset 
(<1.0 h) and a duration of action of 13 to 15 h (graphically 
estimated values). Up to the highest dose tested (40 mg/kg, 
p.o.), R116301 did not affect overt behavior of the dogs. 

Species Differences 

Capsaicin-Induced Ear Edema in Mice. Both Rl 16301 
and GR-203040 inhibited the capsaicin-induced ear edema 
dose dependently. Table 5 lists the ED 50 values (and 95% 
confidence limits; milligrams per kilogram) obtained at sev- 
eral time intervals after subcutaneous or oral administra- 
tion. Rl 16301 was equipotent along the subcutaneous and 



oral route of administration (ED 50 : 19 and 21 mg/kg, respec- 
tively) and maintained its activity from 1 till 16 h after 
subcutaneous injection. Compared with GR-203040, 
Rl 16301 was 10 times less potent after subcutaneous admin- 
istration and 7 times less potent oral administration. 

SP-Induced Salivation and Plasma Protein Extrava- 
sation in Rats. SP induces a pronounced increase of saliva- 
tion over the first 4 min after injection from 9 ± 11 mg 
(mean ± S.D.) in solvent-pretreated rats not challenged with 
SP to 186 ± 57 mg in solvent-pretreated rats challenged with 
SP (Table 6). Table 6 also illustrates the dose-dependent 
inhibition of the SP-induced salivation by Rl 16301 and some 
other NK X receptor antagonists. ED 50 values for the effects 
on the SP-induced salivation and the blue coloring of the 
nose, paws, trachea, and bladder have been listed in Table 7. 
It is remarkable that Rl 16301 was about 4 times more potent 
when given orally than when injected subcutaneously (ED 50 
for inhibition of salivation: 3.1 versus 14 mg/kg). Moreover, 
the SP-induced salivation was somewhat more sensitive 
than the plasma extravasation to the inhibitory effects of 
the NK X receptor antagonist. Considering the other NKj_ 
receptor antagonists, the rat-selective NK t receptor antago- 
nist nolpitantium (tested on only 2 rats/dose level) was by far 
the most potent compound in rats (estimated ED 50 values: 
0.02-0.08 mg/kg). 

NK, over NK 2 and NK 3 Selectivity 

[/3AIA 8 ]-NKA (4-10)-Induced Lethality in Guinea Pigs. 

EDgQ values (and 95% confidence limits) of Rl 16301 and some 
other NK X receptor antagonists for inhibition of the [/3ALA 8 ]- 
NKA (4-10)-induced phenomena have been listed in Table 8. 
GR-203040 and R116301 inhibited the ocular discharge dose 
dependently (ED 50 : 0.0018 and 0.034 mg/kg, respectively) with- 
out consistently affecting lethality, dyspnoea, or cough up to the 
highest dose tested (0.16 and 40 mg/kg, respectively). 
GR-203040 was 19 times more potent than R116301. The NKg 
receptor antagonist saredutant was able to protect the guinea 
pigs against both the [0ALA 8 ]-NKA (4-10)-induced lethality 
(ED 50 : 0.098 mg/kg) and the dyspnoea (ED 50 : 0.58 mg/kg) but 
did not affect the ocular discharge and cough (ED 50 : >10 mg/ 
kg). On the other hand, the mixed NK X /NK2 receptor antagonist 
MDL-103392 dose dependently antagonized both the [/3ALA 8 ]- 
NKA (4-10)-induced ocular discharge (ED 50 : 0.95 mg/kg), the 
lethality (ED 50 : 3.8 mg/kg) and the dyspnoea (ED 50 : 26 mg/kg). 
Codeine dose dependently inhibited the [0ALA 8 ]-NKA (4-10)- 
induced cough (ED 50 : 25 mg/kg) but did not consistently affect 
the other phenomena within the (limited) dose range 
tested (up to 40 mg/kg). At the highest dose of 40 mg/kg, 
two of the five tested animals displayed muscular hyper- 
tonia, a well known expression of central opioid receptor 
stimulation. 

Senktide-Induced Miosis in Rabbits. Rl 16301 (5 mg/kg, 
s.c; -1 h) affected neither pupil diameter per se (i.e., before 
senktide) nor the senktide-induced miosis. On the other hand, 
the NK 3 receptor antagonist osanetant (Emonds-Alt et al., 
1995) antagonized the senktide-induced miosis dose de- 
pendently (ED 50 : 0.34 mg/kg, s.c.) without affecting pupil 
diameter per se (up to 5 mg/kg). The NK X receptor antag- 
onists CP-99994 and GR-203040 and the NK 2 receptor 
antagonist saredutant were inactive 1 h after s.c. injection 
of a dose of 5 mg/kg, s.c. 
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TABLE 6 

Dose-dependent inhibition of SP-induccd salivation in rats obtained 1 h after s.c, p.o., or i.p. administration of the test compounds 
The fraction of animals producing less than 100 mg of saliva is listed in the last column. 



Test Compound 



SP 



Route 



Dose 



Amount of Saliva 
(Mean ± SD) 









mglkg 










Control (-SP) 


N 


a 


0 


35 


9i 


11 


35/35 


Control (+SP) 


Y 


a 


0 


141 


186 ± 


57 


3/141 


R116301 


Y 


p.o. 


1.25 


5 


158 ± 


34 


1/5 








2.5 


5 


129 ± 


55 


2/5 








5 


5 


84 ± 


14 


4/5 








10 


5 


57 ± 


24 


5/5 








20 


5 


34 ± 


17 


5/5 








40 


5 


6 ± 


2 


5/5 


R116301 


Y 


s.c. 


2.5 


5 


150 ± 


38 


1/5 








5 


5 


127 ± 


42 


2/5 








10 


5 


132 ± 


36 


1/5 








20 


5 


102 ± 


36 


3/5 








40 


5 


97 ± 


35 


3/5 


RP-67580 


Y 


s.c. 


0.16 


2 


146 ± 


7 


0/2 








0.63 


5 


120 ± 


23 


1/5 










u 


on -4- 


99 


O/O 








10 


2 


74 ± 


30 


2/2 








40 


2 


23 ± 


9 


2/2 


CP-96345 


Y 


s.c. 


1.25 


5 


178 ± 


14 


0/5 








2.5 


5 


97 ± 


41 


2/5 








5 


5 


66 ± 


26 


4/5 








10 


5 


37 ± 


18 


5/5 








40 


2 


18 ± 


2 


2/2 


Nolpitantium 


Y 


i.p. 


0.01 


2 


206 ± 


27 


0/2 








0.04 


2 


178 ± 


37 


0/2 








0.16 


2 


60 ± 


3 


2/2 








0.63 


2 


28 ± 


2 


2/2 








2.5 


2 


9 ± 


7 


2/2 








10 


2 


5 ± 


2 


2/2 



Y, yes; N, no. 

0 Cumulative data obtained for the three different routes. 
TABLE 7 

ED 50 values (95% C.L.; milligrams per kilometer) for inhibition of SP-induced salivation and plasma protein extravasation in nose, paws, trachea, 
and urinary bladder of rats obtained 1 h after s.c, p.o. t or i.p. administration of the test compounds 

ED 50 (95% Confidence Limits) 



Test compound 


Route 


Time 


Inhibition of 




Inhibition of Plasma Protein Extravasation in 


the 








Salivation 
















Nose 


Paws 


Trachea 


Bladder 






h 






mglkg 






R116301 


s.c. 


1 


14 (7.8-26) 


>40 


25 (15-40) 


^40 


>40 


R116301 


p.o. 


1 


3.1(2.1-4.6) 


21 (16-29) 


12 (8.3-18) 


6.2 (3.8-10) 


14 (9.5-21) 


RP-67580 


s.c. 


1 


1.6 (0.74-3.7) 


>10 


0.96 (0.43-2.1) 


1.6 (0.74-3.7) 


1.6 (0.74-3.7) 


CP-96345 


s.c. 


1 


3.1 (2.1-4.6) 


8.1(5.0-13) 


3.1 (2.1-4.6) 


6.2 (4.6-8.3) 


5.4 (4.0-7.3) 


Nolpitantium 


i.p. 


1 


(0.08)° 


(0.08)" 


(0.08)" 


(0.04)° 


(0.02)° 



° Estimated ED 50 values based on only two instead of five rats per dose level. 
TABLE 8 

ED B0 values (and 95% confidence limits) for antagonism of [0ALA 8 ]-NKA (4-10)-induced cough, ocular discharge, dyspnoea, and lethality in 
guinea pigs obtained 1 h after s.c. injection of the test compounds 



Test compounds 



ED 50 Values (95% confidence limits) 



Cough 



Ocular Discharge 



Dyspnoea 



Lethality 



mglkg 



GR-203040 

R116301 

Saredutant 

MDL-103392 

Codeine 



>0.16 
>40.0 
>10.0 
>40.0 

25 (16-37) 



0.0018 (0.0012-O.0026) 
0.034 (0.019-0.064) 

>10.0 

0.95 (0.42-2.1) 

>40.0 



>0.16 
>40.0 

0.58(0.36-0.94) 

26.0 (14-48) 
>40.0 



>0.16 
>40.0 

0.098 (0.073-0.13) 

3.8 (2.1-7.0) 
>40.0 



Discussion 

R116301 shows high affinity and selectivity for hNK t 
receptors. The approximately 10-fold lower affinity found 
for guinea pig, gerbil, and ferret NK t receptors might be 
partly due to the very different preparations. The use of 



membrane preparations from brain tissue results in higher 
protein concentrations in the assay, which could give rise 
to a higher nonspecific binding and, hence, lower free-drug 
concentrations. Although the K± values were derived after 
careful establishment of the assays and saturation analy- 
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sis, we cannot exclude that the shift in affinity is partly 
related to higher nonspecific binding. 

The considerably lower affinity for rat NK X receptors 
agrees with the species differences generally observed with 
NK antagonists (see Introduction). Rl 16301 shows a high 
potency (ED 50 values: 0.08-0.16 mg/kg) against SP-induced 
effects in vivo, both peripheral effects (skin reactions and 
plasma extravasation in guinea pigs) and a central effect 
(thumping in gerbils). It is considerably less potent (11-25 
mg/kg, s.c.) in mice (capsaicin ear edema) and rats (SP- 
induced extravasation and salivation), confirming the spe- 
cies-differences in NK X receptor interaction. Rl 16301 shows 
excellent oral versus parenteral activity in all tested species 
and a relatively long duration after oral administration: 16 h 
in mice (capsaicin ear edema) and guinea pigs (extravasation 
test), 6.5 h in gerbils (SP thumping), 12 h in ferrets (loper- 
amide emesis), and 13-15 h in dogs (apomorphine emesis). 

R 116301 inhibited plasma extravasation induced by exog- 
enous SP but also edema induced by endogenous SP after 
capsaicin challenge. This primary pungent ingredient of red 
peppers increases vascular permeability by releasing tachy- 
kinins from sensory nerves. Therefore, the activity of NK t 
receptor antagonists in this model supports a therapeutic 
role for these agents in neurogenic inflammation (Inoue et 
al., 1996). NK t receptor antagonists are also active against 
inflammation induced by cytotoxic drugs (Alfieri and Gard- 
ner, 1998) or hypertonic saline (Piedimonte et al., 1993). 
Being partially reduced by the histamine H 3 receptor antag- 
onist levocabastine and not completely blocked by Rl 16301, 
the SP-induced skin reactions in guinea pigs seem to be 
partially mediated via Hj receptors, most likely due to his- 
tamine release after mast cell activation (Fewtrell et al., 
1982). The inability of histamine antagonists to affect extrav- 
asation after i.v. injection of SP shows that histamine release 
plays a minor role in this system. 

The metabolism-resistant NKA analog [/3ALA 8 ] -neurokinin 
A (4-10) has a high degree of selectivity for the NKg receptor 
(Rovero et al., 1989). Indeed, the [/3ALA 8 ]-NKA (4-10)-induced 
lethality and dyspnoea were dose dependently inhibited by NKg 
(saredutant and MDL- 103392) and not by NK X receptor antag- 
onists (R116301 and GR-203040). The [pALA^-NKA (4-10)- 
induced lethality was about 5 to 7 times more sensitive than the 
dyspnoea to the inhibitory effects of the NK 2 receptor antago- 
nists. On the other hand, the ocular discharge induced by 
[0ALA 8 ]-NKA (4-10) is dose dependently inhibited by NK X 
receptor antagonists (R116301, GR-203040, and MDL-103392) 
but not by NK2 receptor antagonists (saredutant and MDL- 
103392). [0ALA 8 ]-NKA (4-10) apparently also stimulates NK 1 
receptors at the tested dose. In fact, the [)3 ALA 8 ] -NKA (4-10)- 
induced ocular discharge is rather sensitive to NK 1 receptor 
antagonists, being inhibited by R116301 and GR-203040 at 
lower doses (0.034 and 0.0018 mg/kg, respectively) than re- 
quired for inhibition of the SP-induced extravasation in the 
same species (ED 50 : 0.11 and 0.0041 mg/kg, respectively). Dis- 
regarding color, the [j3 ALA 8 ] -NKA (4-10)-induced ocular dis- 
charge in guinea pigs might be related to NK t agonist-induced 
chromodacryorrhea in gerbils (Bristow and Young, 1994). The 
NKA test is thus a rapid, reliable, sensitive and noninvasive 
procedure for evaluating both NK X (ocular discharge) and NK2 
(lethality and dyspnoea) antagonism in the same, unanesthe- 
tized animal. This is of interest because NK-, and NKg antago- 



nism have been postulated as potential therapies in the treat- 
ment of asthma, targeting two distinct symptoms of the disease, 
namely edema and bronchoconstriction, respectively. 

[j3 ALA 8 ] -NKA (4-10) also induced cough. This cough did 
not respond to NK X receptor antagonists (Rl 16301 and GR- 
203040), a NKg receptor antagonist (saredutant), or a mixed 
NKi/NKa receptor antagonist (MDL-103392). This might be 
surprising since NK X receptor antagonists have been found 
effective against cough induced by SP and other stimuli 
(Ujiie et al., 1993; Fahy et al., 1995; Sekizawa et al., 1996). In 
agreement with its well known antitussive effect (Adcock et 
al., 1988), the opioid codeine was able to block the [j3ALA 8 ]- 
NKA (4-10)-induced cough. 

The ability of Rl 16301 to inhibit the ocular discharge but 
not the dyspnoea, lethality, or cough induced by [j3ALA 8 ]- 
NKA (4-10) in guinea pigs reflects NK X over NKg selectivity. 
Furthermore, in contrast to the NK 3 receptor antagonist 
osanetant (SR-142801; Emonds-Alt et al., 1995), R116301 did 
not affect senktide-induced miosis in rabbits, suggesting ab- 
sence of interaction with the NK 3 receptor. Further attesting 
to its specificity, R116301 did not affect histamine-, PAF-, 
bradykinin-, or Ascaris allergen-induced skin reactions in 
guinea. pigs, ipecac syrup-induced diarrhea in cats, xylazine- 
induced sedation in cats, or overt behavior in the various 
species. Rl 16301 is thus a relatively selective and specific 
NK X receptor antagonist. 

SP-induced thumping in gerbils is mediated via central 
NK X receptors (Bristow and Young, 1994; Rupniak et al., 
1997). The present results thus indicate excellent brain pen- 
etration for Rl 16301. The dissociation between inhibition of 
thumping in gerbils (i.p. ED 50 ) and inhibition of extravasa- 
tion in guinea pigs (s.c. ED 50 ) indicates the following order of 
central nervous system penetration (ED 50 ratio in parenthe- 
ses): R116301 (1.6), aprepitant (4.3), L-760735 (18), 
CP-96345 (23), CP-99994 (37), CGP-49823 (42), GR-203040 
(52), nolpitantium (>800). Despite its high potency in the 
extravasation test, nolpitantium failed to affect SP-induced 
thumping in gerbils up to 40 mg/kg, its quaternary amine 
preventing access to the brain. 

Several findings indicate involvement of SP in stress-re- 
lated anxiety states. Central injection of SP induces a car- 
diovascular response resembling the classical "fight or flight" 
reaction characterized physiologically by vascular dilatation 
in skeletal muscles and decrease of mesenteric and renal 
blood flow. This cardiovascular reaction is accompanied by a 
behavioral response observed in rodents after noxious stim- 
uli or stress (Culman and Unger, 1995). Stress can reduce SP 
content and down-regulate NK L receptors in the brain, sug- 
gesting SP release in stressful situations (Culman and Un- 
ger, 1995). In mice, centrally administered NK X agonists and 
antagonists are anxiogenic and anxiolytic, respectively (Teix- 
eira et al., 1996). The NK X receptor antagonist aprepitant has 
been shown to improve depression and anxiety rating scales 
in depressed patients (Kramer et al., 1998; Rupniak and 
Kramer, 1999). The ability of NKj receptor antagonists to 
inhibit thumping induced by SP (or by electric shock; Ballard 
et al., 2001) might correspond to this antidepressant/anxio- 
lytic activity because in gerbils thumping plays a role as an 
alerting or warning signal to conspecifics. 

Central NK X receptors are also involved in the regulation 
of emesis. NK X receptor antagonists are active against vari- 
ous emetic stimuli (Watson et al., 1995; Tattersall et al., 
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1996). The compounds are supposed to act by blocking cen- 
tral NKi-receptors in the nucleus tractus solitarius (Watson 
et al., 1995; Tattersall et al., 1996). The antiemetic activity of 
R116301 and the other NK X receptor antagonists is thus 
another index of central NK X antagonism. Rl 16301 com- 
pletely blocks emesis induced by four different stimuli (the 
opioid loperamide, ipecac syrup, the dopamine agonist apo- 
morphine and the a 2 -adrenoceptor agonist xylazine) in three 
different species (ferrets, dogs, and cats). The oral dose re- 
quired for blockade of emesis is very similar across stimuli 
and species, ranging from 0.72 to 2.5 mg/kg. The dissociation 
between antiemetic activity (inhibition of ioperamide-in- 
duced retching in the ferret; s.c.) and inhibition of thumping 
in gerbils (i.p.) is quite high for Rl 16301 relative to other 
NK X receptor antagonists (ED 50 ratio in parentheses): 
R116301 (8.1) versus CP-96345 (1.0), CP-99994 (0.25), 
L-760735 (0.24), and GR-203040 (0.020). To a lesser extent 
also aprepitant showed a lower potency against loperamide 
retching in the ferret (ED 50 : 0.67 mg/kg, p.o.) than against SP 
thumping in the gerbil (0.12 mg/kg, i.p.; 0.20 mg/kg, p.o.). Spe- 
cies differences in interaction with the NK X receptor seem not to 
be responsible since Rl 16301 shows comparable affinity for the 
gerbil and ferret NK r receptors (HQ: 6.4 and 8.3, respectively). 
Species differences in brain penetration, metabolic profile, 
and/or plasma protein binding might also contribute. 

Regarding its broad antiemetic profile, Rl 16301 differs 
from domperidone and naloxone that specifically inhibit apo- 
morphine- and loperamide-induced emesis, respectively. 
Moreover, domperidone and naloxone antagonize the emetic 
stimuli by direct competition at the level of dopamine D 2 
receptors and /i,-opioid receptors, respectively, in the chemo- 
receptor trigger zone, whereas R116301 is considered to act 
indirectly. Despite their indirect action, central NK t receptor 
antagonists seem to be efficient antiemetics. Rl 16301 not 
only completely suppressed emesis induced by various stim- 
uli but also ipecac-induced plaintive meowing in cats, sug- 
gesting complete relief of nausea. Such plaintive meowing 
was not observed after xylazine in cats, presumably due to 
the sedation induced by this a 2 -a drerioceptor agonist. 

The present results indicate that Rl 16301 is a centrally 
acting and orally active NK X receptor antagonist and support 
the potential therapeutic application of NK L receptor antag- 
onists in allergy, inflammation, asthma, disturbed excretion 
processes, emesis, and stress -related anxiety. 
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Neurokinin-! receptor antagonist Rl 16301 
inhibits substance P-induced venodilation 

Objective:To test the effect of the neurokinin-1 receptor antagonist hydroxybutanedioate (Rl 16301) in 
human hand veins in vivo. ' 

Methods: In a randomized, double-blind, placebo-controlled crossover study we used the hand vein 
compliance method to evaluate the inhibition of the response to substance P by R116301 
Results: In hand veins preconstricted with phenylephrine to 21% * 2.6% (mean * SEM, placebo) and 
25 * ± 3.0% (Rl 16301) of the initial diameter, substance P resulted in a mean venodilation of 84% ± 7% 
e*%? * 13% ' 8> bCforC adlmmstration of Placebo and R116301, respectively, Oral administration 
Of 300 mgRl 16301 resulted in peak plasma concentrations of 1.16 ±0.1 ug/mL within 128 ± 14mm- 
utes. With increasing Rl 16301 plasma concentrations, substance P-induced venodilation decreased sig- 
nificantly (P < .001), whereas placebo had no effect. Mean substance P-induced venodilation was markedly 
reduced to 8% ± 7%. 1 

Conclusion: This study confirms the presence of neurokinin-1 receptors in human veins and the effective- 
ness of the neurokinin-1 receptor antagonist R116301 in human hand veins. (Clin Pharmacol Thef 
1999j66i 522-7.) 

Silvana C. Romeriq, MD, Lilly Linder, MD, and Walter E. Haefeli, MD 

Basely Switzerland, and Heidelberg, Germany 



Neurokinin-1 receptors are widely expressed in the 
central and peripheral nervous system. 1 Central neu- 
rokinin-1 receptors are involved in the regulation of car- 
diovascular 2 and respiratory function, 3 as well as in the 
activation of the emetic reflex. 4 At the level of the spinal 
cord they mediate nociception 5 and the micturition 
reflex. 6 In the peripheral nervous system, neurokinin- 1 
receptors are expressed in the respiratory system, 7 gen- 
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itourinary tract, and gastrointestinal tract. 8 Moreover, 
neurokinin-1 receptors mediate neurogenic inflamma- 
tion 9 and endothelium-dependent vasodilation. 10 There 
are therefore many potential therapeutic applications 
for neurokinin-1 receptor antagonists, for example, as 
an antiemetic; centrally acting analgetic, antidepres- 
sant, or antianxiety agents 1 *; for the treatment of 
asthma; and in several inflammatory diseases, includ- 
ing arthritis and inflammatory bowel disease. As new 
therapeutic principles, neurokinin-1 receptor antago- 
nists may therefore be promising compounds for the 
treatment of a variety of diseases. 

Hydroxybutanedioate (Rl 16301) belongs to the new 
chemical class of ^-benzolated-I-benzyl-piperidine 
derivatives and has been developed recently as an orally 
active nonpeptide neurokinin-1 receptor antagonist. The 
preclinical data obtained with Rl 16301 has revealed that 
it is a selective and potent neurokinin-1 receptor antag- 
onist with a rapid central nervous system penetration 
and a long duration of action. In vitro, R116301 has 
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been shown to antagonize effectively the relaxation 
of pig coronary artery induced by substance P, which 
is the endogenous ligand with the highest affinity to 
neurokinin-1 receptors. In vivo, Rl 16301 inhibited sub- 
stance P-induced plasma extravasation in guinea pigs 
after oral administration. 12 

At an early stage of the development process of new 
therapeutic entities, it is important to confirm the pre- 
clinical effects of the compound in humans. For sev- 
eral reasons the hand vein compliance technique is a 
useful method in the evaluation of mechanisms of new 
substances in humans. By use of low dosages that do 
not exert systemic effects, this technique allows con- 
struction of complete dose-response curves in vivo, 13 
study of interactions between different agents, 14 and 
investigation of the mechanism of action of drugs. 15 

We have shown previously that substance P is a 
potent and efficient vasodilator in human hand veins. 
It also produces reproducible vasodilation after 
repeated administration, provided that an interval of 
sufficient length between the doses is observed to avoid 
the occurrence of tolerance. 15 Venodilation was there- 
fore considered to be an ideal surrogate to assess effects 
mediated through the human neurokinin- 1 receptor. 
To test whether oral Rl 16301 also blocks the human 
neurokinin-1 receptor, we used the hand vein compli- 
ance technique to evaluate the vasodilator response to 
substance P in a randomized, double-blind, placebo- 
controlled crossover study. 

METHODS 

Volunteers. Six healthy male nonsmokers with a mean 
age of 28/2 years (age range, 20 to 33 years), a 
mean weight of 75 kg (weight range, 65 to 94 kg), and 
a mean height of 185 cm (height range, 177 to 194 cm) 
participated in the study after each gave written informed 
consent The protocol was reviewed and approved by the 
Ethical Committee of the Department of Internal Medi- 
cine, University Hospital, Basel, Switzerland. Only 
healthy volunteers without concurrent drug use were 
included in the study. All volunteers had a physical 
examination, a 12-lead EGG, and a laboratory work-up 
to exclude hematologic, renal, or hepatic dysfunction, as 
well as dyslipidemia. Exclusion criteria were bron- 
chospastic or cardiovascular disease; cardiac arrhythmia; 
diabetes; thyrotoxicosis; parkinsonism; drug allergy; his- 
tory or suspicion of alcohol, barbiturate, amphetamine, 
or narcotic abuse, concomitant medication; and donation 
of blood in the 60 days before the first visit. 

Study protocol. This was a randomized, double- 
blind, placebo-controlled crossover trial in which each 
volunteer was studied on two separate occasions at least 



1 week apart. Before each . drug administration the vol- 
unteers were asked to fast overnight for at least 10 
hours, and intake of tap water was allowed only until 2 
hours before drug intake. During each component of 
the study, which always started in the morning, the sub- 
jects remained serriirecumbent in a quiet air-condi- 
tioned room with a constant temperature of 22°G ± 1 °C 
Hand vein compliance technique, Hand vein exper- 
iments were performed according to the method by 
Aellig (1981) with modifications as described previ- 
ously. 1315 In brief, a continuous infusion of 4% gelatin 
solution (Physiogel, Swiss Red Cross SRK, Berne, 
Switzerland) was delivered through a 23-gauge needle 
into a vein on the dorsal surface of the subject's hand 
(Harvard Apparatus infusion pump, Harvard Apparatus 
Inc, South Natick, Mass). The arm was placed on a vac- 
uum pillow slightly above heart level, sloping upward 
at an angle of 30 degrees from the horizontal, which 
leads to complete emptying of the superficial veins. A 
smiall tripod was placed directly astride the vein under 
investigation, holding a linear variable differential 
transformer (LVDT, Sch'aevitz type 100 MHR, Schae- 
vitz Inc, Pennsauken, NJ) with a freely movable core, 
placed exactly on the summit of the vein. The vertical 
movement of the core induces voltage changes, which 
are linearly related to the displacement, that is, the 
changes in venous diameter. The signal output was 
recorded on a strip chart recorder (LKB 2210,- LKB 
Producer AB, Bromma, Sweden), with a paper speed 
of 5 mm/min. The difference between the position of 
the core before and after inflation of a sphygmo- 
manometer cuff on the same arm to 40 mm Hg gives a 
measure of the diameter changes in the vein under a 
given congestion pressure. For each measurement, the 
blood pressure cuff was inflated and pressure was main- 
tained at 40 mm Hg for at least 2 minutes, until a sta- 
ble deflection was observed. The cuff was then deflated. 
After establishing an initial baseline with 4% gelatin 
solution, which was defined as 100% dilation, increas- 
ing doses (0.006 to 39.264 nmol/min) of phenylephrine 
(Neo-Synephrine, Sanofi-Winthrop, Miinchenstein, 
Switzerland) were infused to construct a dose-response 
curve for phenylephrine. Each dose rate was adminis- 
tered for at least 6 minutes to reach a local equilibrium. 
Dose rates administered were not high enough to result 
in any systemic effect, which was assessed by frequent 
measurements of blood pressure and heart rate with a 
Dinamap blood pressure monitor (Critikon Inc, Tampa, 
Fla) on the opposite arm. 

The preconstriction of the vein was maintained 
throughout the remainder of the study approximately 
at dose rates exerting 80% of the maximum effect of 
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Fig 1. Plasma concentrations of the neurokinin- 1 receptor antagonist Rl 16301 in six healthy 
volunteers (mean ± SEM) after oral administration of 300 mg Rl 16301. 



phenylephrine (ED 80 ) (which usually is achieved at 
phenylephrine dose rates of 9.8 16 to 39.264 nmol/min). 
This preconstriction baseline was defined as 0%, and 
the effect of subsequently administered substance P was 
expressed in percentage changes from the difference 
between the initial baseline and the preconstriction. 
Once a stable preconstriction was reached (after 
approximately 30 minutes), substance P (Clinalfa AG, 
Laufelfingen, Switzerland) was coadministered until 
the maximal venodilation was reached (ie approxi- 
mately 6 to 8 minutes). To prevent the peptide from 
sticking to tubing and syringes, substance P was dis- 
solved in a 4% gelatin solution. Based on the experi- 
ence of previous experiments in this setting, 15 a sub- 
stance P dose rate was selected that is at the upper end 
of the steep part of the dose-response curve (1,5 
pmol/min) to be able to detect already small antagonis- 
tic effects. We then administered 300 mg R116301 
(Janssen Research Foundation, Beerse, Belgium) as an 
oral hydroxypropyl-P-cyclodextrine-based solution or 
matching placebo. The infusion of substance P (1.5 
pmol/min) was repeated 45, 90, 135, 180, and 225 min- 
utes after drug administration. Each peptide application 
was therefore separated by a washout phase of 45 min- 
utes to avoid the occurrence of tolerance. 15 A venous 
plasma sample was drawn for the determination of 
Rl 16301 concentrations before each administration of 
substance P, as well as 6, 8, and 24 hours after Rl 16301 
administration. 

Data analysis. Unless indicated otherwise, data are 
given as mean values ± SEM. ANOVA for repeated 



measures (with the factors of period, treatment, and 
time) was used for the evaluation of vasodilator effects. 
A P value of less than: .05 was considered to be statis- 
tically significant 

RESULTS 

The preconstriction with phenylephrine was equal 
before placebo administration (21% ± 2.6% of base- 
line; range, 16% to 34%) and before Rl 16301 admin- 
istration (25% ± 3.0%; range, 14% to 34%; P = .67) 
and remained unchanged until the end of the study 
(after placebo: 23% ± 2.6%; P = .51 versus baseline; 
after Rl 16301 : 30% ± 3.4%; P = .35). The dose rates 
required to maintain preconstriction were 1.84 ± 0.27 
nmol/mih phenylephrine (range, 1.23 to 2.45 nmol/min) 
in the placebo phase and 3.44 ± 0.93 nmol/min phenyl- 
ephrine (range, 0.49 to 4.91 nmol/min) during Rl 16301 
administration, respectively (P = .09). The mean verio- 
dilation induced by substance P (1.5 pmol/rnih) before 
oral adrninistjration of placebo (83% ± 7%; range, 69% 
to 113%) was similar to that before Rl 16301 adminis- 
tration (87% ± 13%; range, 50% to 125%; P - .76). 

Oral administration of 300 mg Rl 16301 was well 
tolerated in all volunteers; minor adverse events (dry 
mouth, headache, and weakness) were reported^ Nei- 
ther Rl 16301 nor placebo induced significant changes 
in heart rate or blood pressure. At baseline and 225 min- 
utes after administration of Rl 16301, blood pressure 
and heart rate were 1 16 ± 5/69 ± 2 mm Hg versus 
121 ± 4/71 ± 1 mm Hg (P > ,2) and 53 ± 2 versus 
56 ± 2 beats/min (P = .23), respectively. The respective 
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Fig 2. Substance P (SP)-induced venodilation expressed as percent reversal of phenylephrine- 
induced preconstriction after oral administration of placebo (squares) or the neurokinin- 1 receptor 
antagonist Rl 16301 (circles) in six healthy volunteers (mean ± SEM): Rl 16301 caused a signifi- 
cant decrease in substance P-induced venodilation (P < .001). 



values after placebo administration were 1 17 ± 2/69 ± 
3 mm Hg versus 1 19 ± 5/73 ±2 mm Hg (P > .08) and 
55 ± 1 versus 58 ± 2 beats/min (P = . 18). Rl 16301 was 
rapidly absorbed and plasma concentrations reached 
peaks of 1.16 ± 0.1 ]ig/mL within 128 ± 14 minutes 
(Fig 1). After administration of 300 mg Rl 16301, 
substance P-induced venodilation was decreased sig- 
nificantly compared with placebo (Fig 2; P < .001). No 
statistically significant differences were found among 
the five subsequent time points (P = .57). This implies 
that the maximum effect was already present 45 min- 
utes after intake, and this effect was sustained up to 3 
hours and 45 minutes. Numerically, the maximum effect 
was observed after 3 hours; at that time, substance 
P-induced venodilation was, on average, 8% ± 7%. 

DISCUSSION 

Neurokinin- 1 receptors have been identified in 
numerous animal and human tissues, including the cen- 
tral nervous system, the respiratory and gastrointesti- 
nal systems, the genitourinary tract, and the vascular 
endothelium. 1 On the basis of binding differences of 
agonists like substance P, neurokinin A, and neurokinin 
B, the presence of three neurokinin receptors has been 
suggested. Functionally, neurokinin- 1 receptors prefer- 
entially mediate the effects of substance P, 16 which is 
a mediator of emesis, 17 pain transmission, 18 neurogenic 
inflammatory responses, 9 and endothelium-dependent 
vasodilation.^ Neurokinin- 1 receptors have therefore 
emerged as a new therapeutic target, and numerous 



neurokinin^! receptor antagonists have been recently 
developed. To date, there is only limited published evi- 
dence about their effects in humans. Indeed, they have 
been shown to be efficacious in the treatment of 
chemotherapy-induced nausea, 1 ? as well as antidepres- 
sant, antianxiety, 11 and analgesic compounds. 20 Other 
diseases in humans that may potentially benefit from 
neurokinin- 1 antagonism remain to be investigated and 
include asthma, cough, rhinitis, arthritis, 21 inflamma- 
tory bowel disease, 22 and cystitis. 23 Furthermore, 
neurokinin- 1 antagonism could be a therapeutic strategy 
to block the potential influence of neurokinins in the ves- 
sel wall on growth of neoplasms. Neurokinin- 1 recep- 
tors were found in blood vessels of various primary 
tumors 24 and were oyerexpressed in veins that surround 
human colorectal carcinomas. 25 In rats, stimulation of 
angiogenesis by substance P was inhibited by a selective 
neurokinin-! antagonist. 26 Moreover, substance P specif- 
ically induced messenger ribonucleic acid and cell sur- 
face expression of the vascular cell adhesion molecule- 1 
(VCAM-1) in human dermal microvascular endothelial 
cells. 27 Provided that this effect is not restricted to cuta- 
neous blood vessels, these data may point to a possible 
role of substance P in atherogenesis. Therefore the devel- 
opment of neurokinin- 1 receptor antagonists opens a 
promising new field that potentially targets inflamma- 
tion, tumor progression, and atheromatosis. 

Although the; preclinical development of new chem- 
ical entities involves the accumulation of extensive data 
in mammalian tissues, it may be critical to ascertain the 
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presumed mechanism of action of compounds that also 
act on receptors in humans early in the development of 
such compounds. This is of particular importance 
because the primary sequence of the human neurokinin- 
1 receptor protein differs from the sequence of animal 
neurokinin- 1 receptors. Although these differences 
do not affect agonist responses it has been shown 
that, despite the relatively high degree of homology of 
the human and rodent neurokinin-1 receptors (£95%), 
they may markedly reduce the potency of nonpeptide 
antagonists. 23 * 28 * 29 

Because substance P is by definition the natural neu- 
rokinin-1 receptor agonist with the highest affinity, this 
peptide is best suited to study neurokinin- 1 receptor 
effects in humans. We have recently shown that sub- 
stance P exerts potent, efficient, and reproducible 
vasodilation of superficial human hand veins provided 
that the occurrence of tolerance is averted. 15 Substance 
P-induced changes in hand vein compliance may there- 
fore constitute a surrogate for neurokinin-1 effects. 

In this study we evaluated the effect of the selective 
nonpeptide neurokinin-1 receptor antagonist Rl 16301 
on substance P-induced venodilation in humans. After 
oral administration, Rl 16301 was well tolerated and 
caused a substantial reduction or even complete inhibi- 
tion of substance P-induced venodilation in all volun- 
teers, whereas placebo had no effect: Together with the 
high in vitro selectivity of R 116301 for neurokinin-1 
receptors, these data confirm that substance P-induced 
relaxation of superficial hand veins is mediated through 
neurokinin-1 receptors. Assuming that Rl 16301 com- 
petitively antagonizes substance P effects, we expected 
to find a sigmoidal relationship between Rl 16301 con- 
centrations and corresponding responses in hand veins. 
In most volunteers maximum antagonism was achieved 
at plasma concentrations above 0.26 ± 0.08 jig/mL. 
This study clearly shows the high activity of this com- 
pound. It can be expected that lower concentrations of 
R116301 than those achieved in this study will block 
endothelial effects of substance P in humans. 

Although this trial convincingly showed that sub- 
stance P-induced venodilation is almost blunted by 
Rl 16301, it did not evaluate the suggested mechanism 
of action (ie, antagonism at the receptor). The refusal 
of the manufacturer to provide additional compound 
precluded experiments to address the specificity of the 
observed antagonism. However, the; absence of hemo- 
dynamic effects of Rl 16301 and the lack of any mod- 
ulation of the phenylephrine preconstriction indicate 
that the changes in substance P responses were not 
caused by counterregulatory reflex activation or by 
increases in venous preconstriction. Moreover, the 



extent of antagonism of substance P-induced venodi- 
lation by Rl 16301 is remarkable, clearly exceeds the 
effect of efficient inhibitors of the three relevant: 
endbthelium-dependent vasodilator pathways, 15 and 
therefore supports the concept that it is mediated 
through direct interaction with the receptor. 

In conclusion, this study has shown that oral Rl 16301 
is a highly effective antagonist of substance P-induced 
venodilation in humans. The study provides indirect evi- 
dence for its activity in blocking the human neurokinin- 1 
receptor. This study further suggests that oral doses of 
Rl 16301 below 300 mg may block endothelial neu- 
rokinin-1 receptors in humans. Whether this compound 
also antagonizes other effects mediated through neu- 
rokinin-1 receptors in humans remains to be elucidated. 
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Abstract 

The inhibition of GR73632-induced foot tapping in gerbils by central nervous system (CNS) penetrant of tachykinin NK, 
receptor antagonists was investigated. Intracerebroventricular infusion of the highly selective tachykinin NK, receptor agonist 
GR73632 (3 pmol) induced a vigorous repetitive hind foot tapping response which was inhibited by CP-99,994 (ID 50 = 0.06 
mg/kg i.v.) but not by its less active cnantiomer, CP100,263 (10 mg/kg i.v.). Similarly, the poorly CNS penetrant quaterniscd 
compound, L-743,310, failed to inhibit foot tapping at doses up to 3 mg/kg i.v. In contrast, all three compounds inhibited 
chromodacryorrhoea induced by systemic administration of GR73632 (0.5 nmol i.v.) (ID 30 = 0.06, 2.95 and 0.004 mg/kg i.v,, 
respectively). These findings confirm that foot tapping and chromodacryorrhoea in gerbils provide simple assays for the central 
and peripheral activation of tachykinin NK, receptors. 

Keywords: Tachykinin NK, receptor; Chromodacryorrhca; Foot tapping; CNS (central nervous system) penetration; (Gerbil) 



1. Introduction 

The potential clinical utilities currently identified 
for tachykinin NK, receptor antagonists include the 
control of vomiting (Tattersall et al., 1993; Bountra et 
al., 1993) and pain (Boyce et al., 1993; Laird et al., 
1993). There is also indirect evidence to suggest poten- 
tial neuropsychiatric applications for tachykinin NK, 
receptor antagonists (e.g. schizophrenia, Elliott et al., 
1992). The ability of such compounds to penetrate the 
central nervous system (CNS) is a requisite for clinical 
efficacy in these conditions, as has been most clearly 
demonstrated for anti-emetic activity. The direct cen- 
tral infusion of substance P into the hindbrain of 
ferrets induced emesis, whilst central, but not periph- 
eral, administration of the peptide tachykinin NK, 
receptor antagonist GR82334 inhibited emesis induced 
by cisplatin (Gardner et al., 1994). Moreover, systemic 
administration of the poorly brain penetrant trypto- 
phan ketone tachykinin NK, receptor antagonist L- 
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743,310 (up to 10 mg/kg i.v.) was unable to block 
cisplatin-induced retching and vomiting in ferrets (Tat- 
tersall et al., 1994). 

Determination of the central activity of tachykinin 
NK, receptor antagonists, therefore, assumes great 
importance in the selection of lead compounds for 
clinical development and for prediction of the thera- 
peutically active dose range in man. The assays which 
predict the efficacy of these agents as anti-emetic, 
analgesic and putative antipsychotic drugs are crucial 
for preclinical evaluation but cannot serve as rapid, 
high throughput screens for CNS penetration which 
are necessary to evaluate compounds from structurally 
diverse chemical classes. Direct measurement of the 
concentration of compounds achieved in brain after 
systemic administration, or measurement of blood-brain 
barrier transfer using brain perfusion techniques (Tat- 
tersall et al., 1994), is also laborious and does not 
necessarily reflect the free concentration of drug avail- 
able at central tachykinin NK, receptors. 

In gerbils, a species whose tachykinin NK, receptor 
pharmacology is believed to resemble that of the hu- 
man and ferret receptor (Beresford et al., 1991; Gitter 
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et al., 1991), the central and peripheral administration 
of tachykinin NK, receptor agonists induces readily 
observable and quantifiable effects. Direct i.c.v. infu- 
sion of [Sar 1) ,Met(0 2 ) ,l ]substance P or the highly selec- 
tive tachykinin NK, receptor agonist, GR73632 in ger- 
bils evokes a vigorous species-specific behaviour char- 
acterised by rhythmic hindlimb thumping or foot tap- 
ping. Foot tapping appears to be tachykinin NK, re- 
ceptor-mediated since it is not induced by agonists for 
tachykinin NK 2 or NK 3 receptors, and can be inhib- 
ited by administration of the NK, receptor antagonists. 
CP-%,346 and CP-99,994 (Graham et al., 1993; Bristow 
and Young, 1994). Foot tapping induced by central 
infusion of tachykinin NK, receptor agonists may be 
accompanied by chromodacryorrhyoea, a secretion of 
red/brown tears. This suggests that, like foot tapping, 
chromodacryorrhoea may be centrally mediated or, 
alternatively, that these compounds rapidly leave the 
CNS and activate tachykinin NK, receptors in the 
periphery. The latter interpretation is favoured by the 
demonstration thai intravenous injection of [Sar'\Mct 
(0 2 ) ll ]substance P or GR73632 in anaesthetised ger- 
bils provokes marked chromodacryorrhoea which is 
inhibited by CP-99.994 (Bristow and Young, 1994). We 
now describe the use of GR73632-induced foot tapping 
and chromodacryorrhoea in gerbils as simple assays for 
the central and peripheral effects of tachykinin NK, 
receptor antagonists in vivo. 



2. Materials and methods 

2. / Animals 

The subjects were male and female Mongolian ger- 
bils (35-70 g) obtained from Leeds University, UK (for 
foot tapping experiments) or from Bantin and Kingman 
UK (for chromodacryorrhoea experiments). Animals 
were housed in groups of 4 under standard laboratory 
conditions. Between 4 and 8 animals received each 
treatment. On completion of experiments animals were 
humanely killed with an overdose of pentobarbitone 
(Euthatal, Rhone-Merieux, UK). 

2.2. Induction of foot tapping by intracerebroventricular 
administration of GR73632 

Gerbils were briefly anaesthetised by inhalation of 
an isoflurane/ oxygen mixture. An incision was made 
in the midline of the scalp to expose the skull. GR73632 
(0.3-10 pmol in 5 /il) or vehicle (water) was adminis- 
tered directly into the lateral ventricles (i.c.v.) by verti- 
cal insertion of a cuffed 25 gauge needle to a depth of 
4.5 mm below bregma. The scalp incision was closed 
using a clip suture. Immediately following recovery of 
the righting reflex animals were individually placed in a 



clear Perspex observation box (25 cm X 20 cm X 20 
cm). The duration of repetitive hind foot tapping was 
recorded for 5 min using a stopclock, giving a maxi- 
mum possible duration of 300 s. 

2.3. Induction of chromodacryorrhoea by intra tenons 
administration of GR73632 

These experiments were performed under terminal 
pentobarbitone anaesthesia in separate animals using 
the method described by Bristow and Young (1994). 
Gerbils received the minimum necessary dose of sodium 
pentobarbitone (Sagatal (RMB); < 60 mg/kg i.p.) and 
placed on a heated blanket at 37°C. The jugular vein 
was exposed via a skin incision using blunt dissection to 
remove surrounding connective and salivary gland tis- 
sues. GR73632 (0.03-1 nmol using an injection volume 
of 300 or vehicle (water) was administered intra- 
venously. 30 s later the eyes were swabbed using a 
prc-wcighed cotton bud and the weight of fluid ab- 
sorbed (mg) recorded as a measure of chromodacryor- 
rhoea. 

2.4. Inhibition of GR73632-induced foot tapping and 
chromodacryorrhoea by tachykinin NK, receptor 
antagonists 

The ability of tachykinin NK, receptor antagonists 
to penetrate the CNS following intravenous adminis- 
tration was assessed by anaesthetising animals with 
isoflurane/ oxygen during exposure of the jugular vein. 
Test compounds (or vehicle) were administered in the 
dose range 0.01-10 mg/kg i.v., depending on solubil- 
ity, using an injection volume of 5 ml/kg. The wound 
was closed using a clip suture and GR73632 (3 pmol in 
5 was administered i.c.v. immediately thereafter 
and the duration of foot tapping recorded for 5 min as 
described above. The time taken from induction to 
recovery from anaesthesia, with intervening i.v. and 
i.c.v. administration of test substances, was 3-4 min 
per animal. 

Chromodacryorrhoea experiments were performed 
under pentobarbitone anaesthesia using separate ani- 
mals. Test compounds or vehicle were administered 
intravenously in the dose range 0.001-3 mg/kg using a 
volume of 5 ml/kg. This injection was followed imme- 
diately by GR73632 (0.5 nmol in 300 i.v.). Measure- 
ment of chromodacryorrhoea then proceeded as de- 
scribed above. 

2.5. Preparation of test compounds 

GR73632 (d Ava [L-Pro\Mc-Leu l,, ]substance P-(7- 
11); Cambridge Biochemicals. USA) was dissolved in 
distilled water and frozen at -70°C in 0.5 ml aliquots 
at the required concentration until use. CP-99,994 
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((2S3S)<tf-3-(2-methoxybenzylamino)-2-phenyl piperi- 
dine) and CP-100,263 ((2/?,3/0<^3-(2-methoxybenzy- 
lamino)-2-phenyIpiperidine) were prepared as the dihy- 
drochloride salts which were freely soluble in distilled 
water. L-743,310 (5-(3,5-bis(trifluoromethyl) phenyD-l- 
(3-indolyl)-2-(3-(4-quinuclidinyl)ureido)-3-pentanone 
hydrochloride) was dissolved in 0.1 M HC1 (pH 1-2). 
Alternative vehicles, such as propylene glycol and 
ethanol, could not be employed as they interfered with 
the induction of chromodacryorrhoea. NK, receptor 
antagonists were synthesised by the Department of 
Medicinal Chemistry, MSD, Harlow, UK. All doses arc 
expressed as the free base equivalent. 

2.6 Statistical analysis 

Data were subjected to one-way analysis of variance 
(ANOVA) followed, where appropriate, by Dunnetfs 
or Newman-Keuls multiple comparison /-tests using 
BMDP software (BBN Software Products Corporation, 
USA). The doses of NK, receptor antagonists inhibit- 
ing foot tapping or chromodacryorrhoea by 50% (ID 5() ) 
were determined by non-linear least squares regression 
analysis using GraFit (Erithacus Software, UK). 



3. Results 

3. J. Centrally and peripherally mediated effects of 
GR73632 in gerbils 

3.1.1. Induction of foot tapping by Lev. administration 
Vigorous repetitive hind foot tapping-was induced 

by i.c.v. infusion of GR73632 with immediate onset 
after recovery from anaesthesia. The dose-response 
curve for induction of foot tapping was steep, spanning 
the dose range 0.3-3 pmol i.c.v. (Table la). Foot tap- 
ping was not observed in vehicle-treated gerbils. 
ANOVA followed by Dunnetfs test revealed induction 
of this behaviour by doses of 1, 3 and 10 pmol of 
GR73632(F(4,14) = 110.8, P < 0.001). The 3 pmol i.c.v. 
dose caused a maximal response approaching 300 s 
duration and was therefore employed in subsequent 
experiments to determine the ability of NK, receptor 
antagonists to inhibit the centrally mediated effect of 
GR73632. Animals receiving this dose of GR73832 
typically exhibited transient chromodacryorrhoea. 

3.1.2. Induction of chromodacryorrhoea by i.e. 
administration 

The dose-response curve for induction of chro- 
modacryorrhoea by i.v. injection of GR73632 was shal- 
low by comparison with that for foot tapping (active 
dose range 0.03-0.5 nmol i.v.; Table lb). Basal lacrima- 
tion in vehicle-treated gerbils contributed up to 1.4 mg 
in fluid weight. In all experiments this value was sub- 



Table I 

Induction of (a) foot tapping and (b) chromodacryorrhoea following 
administration of GR73632 to gerbils 

Dose (pmol i.c.v.) Duration/5 min (s) 

(a) Foot tapping 

Vehicle 0.3 ± (1.3 



0.3 


4.8 ± 3.4 


1 


184.5 ±21.7 : 


3 


280.3 ±15.9 * 


to 


290.8 ± 7.6 * 


Dose (nmol i.v.) 


Increase in fluid weight 




over basal (mg) 


(b) Chromodacryorrhoea 




0.03 


0.6 ±0.3 


0.1 


1.2 + 0.3 


0.3 


2.6 + 0.4 " 


0.5 


4.6 + 0.8 


1.0 


4.1+0.6 " 



Values are the mean± 1 S.E.M for 4-8 animals at each dose. 
* P < 0.05 compared with vehicle treatment, Dunnett's /-test. 



tracted from that obtained following administration of 
GR73632. Chromodacryorrhoea reached statistical sig- 
nificance for doses of 0.3, 0.5 and 1 nmol i.v. (F(4,30) 
= 10.9, P< 0.001). The dose of 0.5 nmol produced a 
maximal increase in fluid weight of approximately 4.5 
mg and was therefore employed as the challenge dose 
for evaluation of the effect of tachykinin NK, receptor 
antagonists on this response. 

3.2. Enantioselective inhibition of GR73632-induced foot 
tapping and chromodacryorrhoea by CP-99,994 

Administration of CP-99,994 (0.03-0.3 mg/kg i.v.) 
immediately prior to i.c.v. infusion of GR73632 (3 
pmol) caused a dose-dependent and complete inhibi- 
tion of foot tapping (F(5,26)= 13.6, P< 0.001). The 
ID 50 for CP-99,994 was 0.06 mg/kg i.v. in contrast, 
administration of the less active enantiomer CP-100,263 
(3 or 10 mg/kg i.v.) failed to cause significant inhibi- 
tion of foot tapping, indicating an enantiomeric separa- 
tion of at least 1000-fold (Fig. 1). 

Like foot tapping, chromodacryorrhoea induced by 
GR73632 (0.5 nmol i.v.) was dose-dependentiy and 
completely blocked by CP-99,994 in the dose range 
0.01-1 mg/kg i.v. (F(8,47)= 7.9, P< 0.001). The 1D 51) 
of 0.07 mg/kg i.v. was comparable with that obtained 
for inhibition of foot tapping. Administration of CP- 
100,263 (1-10 mg/kg i.v.) also inhibited chromodacry- 
orrhoea (F(3,45) = 6.6, P< 0.001). The 1D 50 of 2.95 
mg/kg i.v. for CP-100,263 indicated an enantiomeric 
separation of approximately 40-fold (Fig. 1). 

3.3. Effect of non-penetrant NK } receptor antagonist on 
foot tapping and chromodacryorrhoea 

The poorly brain penetrant tryptophan ketone NK, 
receptor antagonist, L-743,310 (0.001-0.03 mg/kg i.v.) 
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Foot Tapping 




Chromodacryorrhoea 




Dose (mgkg- 1 i.v.) 

Fig. 1. Inhibition of foot lapping and chromodacryorrhoea by intra- 
venous administration of CP-99.994. CP- 1 00,263 or L-743,310. Test 
compounds were administered immediately before GR73632, given 
either i.c.v. (3 pmol) to induce foot tapping, or i.v. (0.5 nmol) to 
cause chromodacryorrhoea. Values are the mean ± I S.E.M. for 4-10 
animals at each dose. 



was the most potent inhibitor of GR73632-induced 
chromodacryorrhoea examined, with an ID 50 of 0.004 
mg/kg iv. (F (4,20) = 16.4, P < 0.001; Fig. 1). However, 
no inhibition of GR73632-induced foot tapping was 
observed using doses up to 3 mg/kg i.v. (Fig. 1). 
Higher doses could not be examined due to limitations 
of solubility. 



4. Discussion 

These studies describe simple methods for assessing 
the central and peripheral effects of tachykinin NK, 
receptor antagonists in gerbils. This species is ideally 
suited to such assays for several reasons. Gerbils and 
guinea-pigs arc the only small laboratory animals whose 
tachykinin NK, receptor pharmacology resembles that 
of man (Beresford et al., 1991; Gitter et al., 1991). 
Unlike guinea-pigs, gerbils possess a relatively uncalci- 
fied skull which permits free-hand injection of sub- 
stances into the cerebral ventricles without the need 
for prior stereotaxic implantation of guide cannulae. 
Intraccrcbroventricular injections for administration of 
peptide tachykinin NK, agonists can hence be quickly 
performed as a minor surgical procedure. A second 



major advantage is that the foot tapping response 
induced by tachykinin NK, receptor agonists in gerbils 
is unambiguous, robust, readily quantified and is not 
induced by i.c.v. administration by the tachykinin NK 2 
receptor agonists neurokinin A or GR64349, or by the 
tachykinin NK 3 receptor agonist senktide (Graham et 
al., 1993; unpublished observations). In contrast, i.c.v. 
infusion of substance P or the more stable analogue 
[Sar l \Met(0 2 ) M ]substancc P in guinea-pigs evokes a 
complex behavioural syndrome including locomotion, 
grooming, scratching and wet dog shakes (Brent et al., 
1988; Rupniak and Jackson, 1994). These behaviours 
strongly resemble those also induced by tachykinin 
NK 2 and NK^ agonists in mice and rats (Elliott and 
Iverscn, 1986; Stoessl et al., 1988; unpublished observa- 
tions). It is noteworthy that GR73632-induced foot 
tapping in gerbils could be fully blocked by CP-99,994 
(Bristow and Young, 1994; present study), whilst the 
behavioural activation induced by i.c.v. infusion of 
[Sar'\Met(0 2 ) M ]substance P in guinea-pigs was re- 
duced by approximately 50%, but not completely abol- 
ished, by CP-99,994 (McLean ct al., 1993; Rupniak and 
Jackson, 1994). 

Using the highly selective tachykinin NKj receptor 
agonist GR73632 to induce foot tapping in gerbils we 
have demonstrated at least a 1000-fold enantiomeric 
separation in the potency of CP-99,994 and CP- 100,263. 
This is the greatest reported resolution using a central 
in vivo assay and is consistent with the greater than 
4000-fold difference in the affinity of these compounds 
for the human NK, receptor in vitro (McLean ct al., 
1993). Unlike foot tapping, there was only a 40-fold 
separation between the ID S0 for inhibition of 
GR73632-induced chromodacryorrhoea by CP-99,994 
and CP- 100,263. Chromodacryorrhoea in gerbils has 
been attributed to a specific activation of peripheral 
tachykinin NK, receptors since it was not induced by 
neurokinin A or senktide and the effect of GR73632 
was not blocked by the muscarinic receptor antagonist 
scopolamine (Bristow and Young, 1994). However, 
stimulation of chromodacryorrhoea by GR73632 in 
gerbils is greatly influenced by the depth of anaesthesia 
and may therefore be susceptible to inhibition by non- 
specific effects of drugs, such as a lowering of blood 
pressure. 

The inability of L-743,310 at doses up to 3 mg/kg 
i.v. to inhibit foot tapping in gerbils contrasts sharply 
with the low doses of this quaternised compound able 
to block GR73632-induccd chromodacryorrhoea (ID 5 „ 
= 4 /xg/kg i.v.). This observation is consistent with the 
demonstration that L-743,310 is poorly brain penetrant 
and therefore unable to inhibit cisplatin-induced erne- 
sis in ferrets at doses up to 10 mg/kg i.v., whilst 
antagonising rcsiniferatoxin-induced plasma protein 
extravasation in the guinea-pig oesophagus with an 
ID 50 of 2 MgAg ».v. (Tattersall ct al., 1994). Our 
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findings confirm the proposal by Bristow and Young 
(1994) that foot tapping and chromodacryorrhoea in 
gerbils represent simple assays for tachykinin NK, re- 
ceptor activation in the CNS and periphery, respec- 
tively. 

Inhibition of foot tapping in gerbils may be predic- 
tive of possible neuropsychiatric indications for 
tachykinin NK, receptor antagonists since this re- 
sponse appears to be associated with exposure to avcr- 
sive situations (Routtenberg and Ftramis, 1967). How- 
ever, the pharmacology of this behaviour, and its full 
biological significance, are not yet known. 
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the cephalosporins can be easily obtained according to either the aforesaid process (1), 
(2) or (3). 

The present penicillins and cephalosporins include concretely the following com- 
pounds though are not restricted thereto. The following penicillins can be produced by 
5 any of the aforesaid processes (1) and (2), and the following cephalosporins can be 5 
produced by any of the aforesaid processes ( 1), (2) and (3 ). 

Penicillins: 

6 - [D(— ) - a - (4 - acetyl - 2 - oxo - 1 - pipera2inocarbonylamino)phenykcet- 
amidojpenicillanic acid, 

10 6 - [D(— ) - a - (4 - dichloroacetyl - 2 - oxo - 1 - piperazmocarbonylamino) - 10 

phenylacetamido] penidllanic add, 

6 - [D( — ) - a - (4 - enanthoyl - 2 - oxo - 1 - piperazmocarbonylamino ) phenyl- 
acetamido}penicillanic acid, 

6 - [D(-) - a - (4 - cydohexanecarbonyl - 2 - oxo - 1 - piperazinocarbonyi- 
15 ammo)phenylacetamido]penidUanic add, 15 
6 - [D( — ) - a - (4 - acetyl - 3 - methyl - 2 - oxo - 1 - piperazinocarbonylamino)- 
phenylacetamido ] penidllanic add, 

6 - [D(— ) - n - (4 - methanesulfonyl - 2 - oxo - 1 - raperazinocarbcmylamino)- 
phenylacetamido] penicillanic add, 
20 6 - [D(— ) - a - (4 - n - hexyl - 2 - oxo - 1 - piperazmocarbonylamino)phenyi- 20 

acetamido] penicillanic add, 

6 - [D(— ) - a - (4 - n - butyl - 2 - oxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] penicillanic acid, 

6 - [D(-) - * - (4 - n - butyl - 6 - methyl - 2 - oxo - 1 - piperazinocarbonyl- 
25 amino )phenykcetamido] penicillanic add, 25 
6 - [D(-) - a - (4 - n - octyl - 2 - oxo - 1 - piperaa^carbonylammo)phenyl- 

acetamido] penicillanic add, ."•_■_«-•% 
6 - [D(-) - a - (4 - pivaloyloxymethyl - 2 - oxo - 1 - piperazmocarbonylammo)- 

30 phenyl^e^nido ] P™f i ^ c p ^^ oyl _ 2 - oxo - 1 - piperazinocaib(mylamino)phenyl- 30 

acetamido] penidllanic add, . t , . v . , 

6 . [D(-) - a - (4 - capryloyl - 2 - oxo - 1 - inperazinocarbonylanuno)phenyl- 

acetamido] penicillanic add, . N , 

6 - [D( - ) - « - (4 - caproyl - 2 - oxo - 1 - pjperazmocarbonylaminojphenyl- ^ 

acetamido] penidllanic add, . _ w , , . 

6 - [DC—) - « - (4 - chloroacetyl - 2 - oxo - 1 - piperazmocarbonylammo)phenyl- 

acetamido] penicillanic acid, . r 

6 - [D(— ) - a - (4 - benzoyl - 2 - oxo - 1 - piperazinocarbonylammojphenyl- 

a(\ acetamido] penidllanic add, . . 40 

6 - [D(-) - « - (4 - p - chlorobenzoyl - 2 - oxo - 1 - piperazmocarbonylammo)- w 
phenylacetamido] penidllanic acid, , - 

6 - [D(-) - a - (4 - p - methoxybenzoyl - 2 - oxo - 1 - piperaanocarbonyl- 
amino ) phenylacetamido] penicillanic add, 
45 6 - (D(-) - a - [4 - (3,4,5 - trimethoxybenzoyl) - 2 - oxo - 1 - piperazino- 45 

carbonylamino] phenylacetamidojpenidllanic add, 

6 - (D(-) - a - [4 - (2,4 - dichlorobenzoyl) - 2 - oxo - 1 - piperazinocarbonyl- 
amino]phenylacetamido}penidllanic add, 

6 - [D(-) - a - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazmocarbonyl- 
50 arnino)phenyhcetarnido]penicillanic add, . 50 

6 - [D(-) - a - (4 - phenylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
ammo)phenykcetarnido]penicilIanic add, . 

6 - [D(-) - a - (4 - ethoxycarbonyl - 2 - oxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] penicillanic add, # 
55 6 - [D( - ) - a - (4 - methyl - 3 - oxo - 1 - piperazinocarbonylaminojphenylacet- 55 

amido] penidllanic acid, , . , 

6 - [D(-) - a - (4 - n - butyl - 3 - oxo - 1 - piperazinocarbonylamino )phenyl- 

acetamido]penicillanic acid, . , . v . . 

5 _ [D(-) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbony lamuio) phenylacet- 

60 amidol penidllanic acid, , , . 60 

6 ; I [D(-) - a - (4 - isopropyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penidllanic acid, . . 

6 - [D(-) - « - (4 - n - pentyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 

acetamido] penidllanic add, 
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6 - [D(-) - a - (4 - iso - pentyl -3 -oxo- 1 - piperaanocarbonylamino)phenyl- 
acetamido]penicillanic acid, 

6 - [D(-) - « - (2 - methyl - 4 -n - butyl - 3 - oxo - I * piperazinocarbonyl- 
amino)phenylacetamido]peziidllanic acid, _ 
5 6 - [D(— ) - « - (4 - n - butyl - 5 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 5 

amino) phenylacecamido]penicillanic acid, 

6 - [D(-) - a - (4 - n - butyl - 6 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino) phenylacetamido] penicillanic add, . . . t , 

6 - [D(— ) - a - (4 - benzyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacet- 
10 amido] penicillanic acid, 

6 - [D(— ) - a - (A - ft - hydroxyethyl - 3 - oxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] penicillanic add, . 

6 - [D(— ) - a - (4 - acetyl - 2 - methyl - 3 - oxo - piperazmocarbonylamino)- 
phenylacetamido] penicillanic add, 
15 6 - [D(— ) - a - (4 - carbamoyl - 2 - methyl - 3 - oxo - 1 - piperazinocarbonyl- o 

amino)phenylacetamido] penicillanic add, 

6 - [D( — ) - a - (3 - oxo - 1 - pir»razinocarbonylamino)phenylacetanudo]pem- 

cillanic add, 

6 - [D(— ) - o - (2,5 - dimethyl - 3 - oxo - 1 - piperazinocarbonylaniino ) phenyl- 
20 acetamido] penicillanic add, 

6 - [D(— ) - c - (5 - methyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
amidojpenicilanic add, 

6 - [D(— ) - a - (2 - ethoxycarbonylmethyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino) phenylacetamido] penicillanic add, 
25 6 - [D( — ) - a - (2 - methyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacet- -» 

amido] penicillanic add, 

6 - [D( — ) - * - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino)propion- 
amido] penicillanic add, . 

6 , [D( — ) - a - (4 - allyl - 3 - oxo - 1 - piperazinocarbonylamuio)phenylacet- 

30 amido] penicillanic add, . 

6 - [D(— ) - a - (4 - « - methylalryl - 3 - oxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - 0 - methylallyl - 3 - oxo - 1 - piperazinocarbonylamino) - 
. phenylacetamido] penidllanic add, 
35 6 - {D(— ) - « - [4 - (trans - 2 - butenyl) - 3 - oxo - 1 - piperazinocarbonyl- ^ 

amino] phenylacetamido} penicillanic add, 

6 - [D( — ) - a - (4 - n - hexyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] penicillanic add, 

6 - [D(— ) - a - (4 - n - heptyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
40 acetamido] penidllanic add, ™ 
6 - [D(— ) - a - (4 - n - octyl - 3 - oxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] penicillanic add, 

6 - [D( — ) - « - (4 - n - dodecyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penicillanic add, 
45 6 - [D(— ) - a - (4 - cyclopentyl - 3 - oxo - 1 - piperazinocarbonylamino) phenyl- 45 

acetamido] penidllanic add, 

6 - [D(— ) - « - (4- phenylaminocarbonyl - 3-- oxo - 1 - piperazinocarbonyl- 
amino) phenylacetamido] penidllanic add, 

6 - [D( — ) - a - (2 - phenyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
50 acetamido] penidllanic acid, ^ 
6- [D(-) (4- morpholinomethyl - 3 - oxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] penicillanic add, 

6 - [D(— ) - « - (4 - acetyl - 2,5 - dioxo - 1 - piperazinocarbonylammo)phenyl- 
acetamido]penicillanic acid, 
55 6 - [D( — ) - a - (4 - benzoyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 55 

acetamido] penidllanic add, 

6 - [D(— ) -itr- (4- methyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic add, 

6 - [D(— ) - ia - (4 - benzyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
60 acetamido] penicillanic add, 

6 - [D(-) - <a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl-- 
acetamido] penicillanic add, 

6 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
_ acetamido] penidllanic add, 
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6 - [D(— ) - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbcmylamino)- 
phenykcetamido] penidllanic add, 

6 - [D(— ) -a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penidllanic acid, 

6 - [D( — ) - <* - (4 - iso - propyl - 2*3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamidojpenidllanic acid, 

6 - [D(— ) - a - (4 - acetoxyethyl - 2,3 - dioxo - 1 - piperazinocaibonylamino)- 
phenylacetamido]penicillanic add, 

6 - [D(— ) - ia - (4 - allyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penidllanic acid, 

6 - [D(— ) - « - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido]penidllanic add, 

6- [D(— ) -«- (4-£- chloroethyl - 2,3 - dioxo - 1 - piperaanocarbonyiamino)- 
phenylacetamido]peddllanic acid, 

6 - [D(-) - a - (6 - methyl - 4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetainidolpenicillanic acid, . 

6 ; . [D(-) - « - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazmocarbonylammo)- 
phenylacetamidolpenidllanic add, - " , . N 

6 - [D(-) - a - (4 ■ - n - pentyl - 2,3 - dioxo - 1 - pipemmocaibonylamino)- 
phenylacetamidolpenicillanic add, , r _ . ' 

6 - [D(-) - « - (4 - n - faexyl - 2,3 - dioxo - 1 - piperazmocarbonylammo)- 
phenylacetamido]penicillanic add, . , . N 

6 - [D(-) - « - (4 - n - heptyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 

phenylacetamidol penicillanic add, . , . ■ 

6 - [D(-) - « - (4 - n - octyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - 
phenylacetamido] penicillanic add, r " x 

6 - [D(— ) - a - (4 - ethyl '- 2,3 - dioxo - 1 - piperazmothocarbonylamino ) - 
phenylacetamido] penicillanic acid, m . . . 

6 - [D(-) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - p- 
hydroxyphenylacetamido] penicillanic add, , 

6 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) • p- 
hydroxyphenylacetamido] penicillanic acid, , 

6 - [D( -)-**- (4- methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 1,4- 
cydohexadienylacetamido] penicillanic acid, . r 

6 - [D(-) - a - (4 - ethyl - 2,3 : dioxo - 1 - piperazmocarbonylamino) - 1,4- 
cyclohexadienylacetamido] penicillanic add, . 

6 - [D(--) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazmocarbonYlammoV 
L4 - cydohexad^enylacetamidojpenicillanic add, . 

6 . [D(-) - a- (4-n- butyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - 1,4- 
CTcbhexadienykcetamido]penidllanic acid, # . 

6 - [DL - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylammo) - 2- 
thienylacetamido] penidllanic add, i 

6 - [DL - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienyl- 
acetamido] penicillanic acid, 

o - £DL - a - (4.- n - propyl - 2,3 - dioxo - 1 - piperadinocarbonylamino) - 2- 
thienylacetamido] penicillanic add, 

6 - [DL - a - (4 - n - butyl - 2*3 - dioxo - 1 - piperazinocarbonylamino) - 2- 
thienylacetamido] penicillanic add, 

6 - [D(-) - a - (2,2 - pentamethylene - 3,5 - dioxo - 1 - piperazinocarbonyl- 
amino )phenylacetamido] penicillanic add, , 

6 - [D(— ) - a - (3,5 - dioxo - 1 - piperazinocarbonylainino)phenylacetamido]- 
penidllanic add, 

6 - [D(— ) - a - (2 - methyl - 2 - phenyl - 3,5 - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] penicillanic add, 

5 . [D(— ) - * - (4 - benzyl - 2,2 - pentamethylene - 3,5 - dioxo - 1 - piperazino- 
carbonylamino )phenylacetamido] penidllanic add, 

6- [D(-) - a- (4 - - trichloroethoxycarbonyl - 2,2 - pentamethylene - 3,5- 

dioxo - 1 - piperazinocarbonylamino)phenykcetamido]peniciilanic add, 

5 . [D( — ) - a - (4 - benzyl - 2 - methyl - 2 - phenyl - 3,5 - dioxo - 1 - piper- 
azinocarbonylamino) phenylacetamido] penicillanic acid, 

pivaloyloxymethyl 6 - [D(-) : * - (2 - methyl - 3 - oxo - 1 - piperazino- 
carbonylamino)phenylacetamido]penidllanate, 

phthalidyl 6 - [D(-> - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonyl- 
amino ) phenylacetamido] pemciUanate, 
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phthalidyi 6 - [D(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino ) pheny Lacetamido ] penici Uanate, 

phthalidyi 6 - [D( — ) - « - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino)phenylacetaniido] penirillanate, a 

phthalidyi 6 - [D(— ) - a - (4 - n - butyl - 23 - dioxo - 1 - piperazinocaibonyl- 5 
ammo) phenylacetamido] penidllanate^ 

methoxymethyl 6 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocar- 
bonylamino)pheiryla<*tam^ , 

methoxymethyl 6 - [D(— ) - a - (4 - ethyl- 23 - dioxo - 1 - piperazinocarbonyl- 
amino)phexjylacetamid6]penidllanate, 10 

methoxymethyl 6 - [D(-) - a - (4 - a - butyl - 23 - dioxo - 1 - piperazino- 
carbonylammo)phenykcetamido] penicillanate, 

methoxymethyl 6 - [D(-) - « - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazino- 
carbonylaininojphenylacetaimdojpeiiicillanate, 

methoxymethyl 6 - [D(-) - a - (4 - n - octyl r 2,3 - dioxo - 1 - piperazino- 15 
15 carbonylarnino) phenylacetamido] penitillanate, 

pivaloyloxymethyl 6 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylarnmo)phenylacetamido] penicillanate, 

pivaloyloxymethyl 6 - fD(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocar- 
on bonylamino)phenykcetamido] penicillanate, 20 
20 pivaloyloxymethyl 6 - [D(-) - « - (4 - n • octyl - 2,3 - dioxo - 1 - piperazino- 

carbonylarnino) phenylacetamido] penicillanate, 

p - piperidinoethyl 6 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino ) phenylacetamido] penicillanate, 

p - piperidinoethyl 6- [D(-) (4 - n - octyl- 2,3 - dioxo - 1 - piperazino- 25 
25 carbonylamino)phenylacetamido] penicillanate, 

p - morpholinoethyl 6 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino)phenyhcetamido]paiicillanate and 

P - morpholinoethyl 6- [D (- ) - a - (4 - n - octyl - 23 - dioxo - 1 - piperazino- 
20 carbonylarnino)phenylacetamido] penicillanate. 30 

Cephalosporins: 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - methyl - A 8 - cephem - 4 - carboxylic acid, 

7 - [D(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- 35 
acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(-) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido ] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, 

7 - tD(-) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazmocarbonylamino )- 
phenylacetamido] - 3 - methyl - A 8 - cephem - 4 - carboxylic add, 
40 7 - (D(— ) - a - (4 - n - pentyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 

phenylacetamido] - 3 - methyl - A* - cephem - 4 - carboxylic add, 

7 - [D(— ) - a - (4 - n - hexyl - 2,3 - dioxo - 1 - piperazinc>caibonylaniino )- 
phenylacetamido] - 3 - methyl - A 8 - cephem - 4 - carboxylic add, 

7 . [D<— ) - a - (4 - n - heptyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 45 

7 - [D(— ) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] - 3 - methyl - A 8 - cephem - 4 - carboxylic add, 

7 - [D( — ) - <i - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic add, 

7 - [D( — ) - <z - (4 - n - propyl - 23 - dioxo - 1 - piperazmocarbonylamino)- 50 
phenylacetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxylic add, 

7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic add, 

7 - [D( — ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piper^nocarbonylamino)- 
cc phenylacetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxylic add, 55 
DD 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmothio<^onykmino)- 

phenylacetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxylic add, 

7 - [D(— ) - a - (4 - methyl - 23 - dioxo - 1 - piperazinorhiocarbonylamino)- 
phenylacetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxylic add, 
, A 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino )phenyl- ^ 

bU acetamido] - 3 - [2 - (5 - methyl - 13,4 - thiadiazolyl)thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, 

7 - P>(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenyI- 
acetamido] - 3 - [2 - (5 - methyl - 13,4 - thiadiazolyi)thiomethyl] - A 3 - cephem - 4- 
65 carboxylic add. 
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7 - [D(-) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocaibonylamino)- 
pheaylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl)thiometbyl] - A 8 - 
cephem - 4 - caAoxylic add, 

7 - [D(-) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocaibonylamino)phenyl- 
5 acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl)thiometbyl] - A 8 - ce^em - 4- 3 
caiboxylic acid, 

7 - [D(— ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazkocarbonylainmo)phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl)thiomethyl] - A 3 - cephem- 4- 

carboxylic acid, io 
10 7 - [D(-) - a - (4 - methyl -2,3- dioxo - 1 - piperaziiiocaibonylammo)phenyl- 

acetamido] - 3 - [5 - (1 - methyl - 1,2 ,3,4 - tetrazolyl)tfaiome%l] - A 8 - cephem - 4- 
carboxylic acid, , 

7 - [D(-) - * - (4 - ethyl - 6 - methyl - 2,3 - dioxo - 1 - piperazmocarbonyl- 
amino)phenylacetamido] - 3 - {5 - (1 - methyl - 1^3,4 - tetrazolyi) - thiomethyl]- ^ 
15 A 3 - cephem - 4 - caiboxylic arid, . 

7 . mr-) - a - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)-. 
pheaylacrtamido] . 3 - [5 - (1 - methyl - 1A3,4 - tetrarolyi)thiomethyl] - A 8 - 
cephem - 4 - caiboxylic acid, , . v . , 

7 - [D(-) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocaibonylamino)phenyl- M 
20 acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl)tiiiomethyl] - A 8 - cephem - 4- 
caiboxylic acid, . v . , 

7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenyI- 
acetamido] - 3 - [5 - (1,3,4 - thiadiazolyl)thiomethyl] - A 8 - cephem - 4 - caiboxylic 

25 - [D(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - pipera2mocarbonylamino)ph^yl- 25 

acetamido] - 3 - [5 - (1,3,4 - thiadiazotyl)thiomethyl] - A 8 - cephem - 4 - caiboxylic 

aad ' 7 . [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperamocarbcmylaminojphenyl- 
acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - tria2olyl)thiomethyl] - A 8 - cephem - 4- x 
30 caiboxylic acid, . 

7 - [D(-) - a - (4 - ethyl - 2^ - dioxo - 1 - pipera2uiocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl) thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, . . t . . . . 

7 . m(-) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) phenyl- . 
35 acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl)thiomethyl] - A 8 - cephem - 4- ^ 
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caiboxylic acid, ^ , . , 

7 - FD( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) propion- 

amido] - 3 - acetoxymethyl - A 8 - cephem - 4 - caiboxylic add, 

7 „ [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - p- 
hydroxyphenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyi) - thiometh 
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40 hydroxyphenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyi) - thiomethyl] 
A 8 - cephem - 4 - caiboxylic acid, t 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] - 3 - azidomethyl - A - cephem - 4 - carboxylic acid, 

7 . [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocaibonylamino)phenyl- ^ 
acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl)thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 _ [D( — ) - a - (4 - methyl - 23 - dioxo - 1 - piperazmocaibonyIamino)phenyl- 
acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl)thiomethyl] - A 8 - cephem - 4- 
caiboxylic acid, cn 
7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- w 
acetamido] - 3 - [2 - (1,3,4 - triazolyl) - thiomethyl] - A 8 - cephem - 4 - caiboxylic 
add, 

7 . [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - [5 - (1,2,3,4 - tetrazoryl)thiomethyl] - A 8 - cephem - 4 - caiboxylic „ 
55 add, 

7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - [5 - (1A3,4 - tetrazotyl)thiomethyl] - A 8 - cephem - 4 - caiboxylic 
add, 

7- [D(-) - a- (4- methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
60 acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - oxadiazolyl)thiomethyl] - A 3 - cephem - 4- w 
carboxylic add, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazkocarbonylamino)phenyl- 
acetamido] - 3 - [3 - (2,6 - dimethyl - 5 - oxo - 2,5 - dihydro - 1,2,4 - triazinyl)thio- 
methyl] - A 8 - cephem - 4 - carboxylic add, . fi c 

7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
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acetamido] - 3 - [2 - (4 - methyloxazolyl) - thiomethyl] - A" - cephem - 4 - carboxylic 
add 

7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocaibonylamino ] phenyl- 
acetamido] - 3 - [2 - (4 - meraylthiazolyl)thiomethyl] - A s - cephem - 4 - carboxylic * 

5 add * 7 . [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (pyridyl - 1 - oxide) - thiomethyl] - A 8 - cephem - 4 - carboxylic 
acid) 

7 . [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyI- 
, n acetamido] - 3 - (2 - thiazolinylthiomethyl) - A 8 - cephem - 4 - carboxylic acid, 10 
lv 7 _ [D( — ) - « - (4 ~ methyl - 2,3 - dioxo - 1 - piperaziiiocarbonylaxnmojphenyl- 

acetamido] - 3 - [2 - (1 - methylimida2olyl)thiomethyl] - A 3 - cephem - 4 - carboxylic 

acid,. 

7 - ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
« c acetamido] - 3 - (2 - pyrimidinylthiomethyl) - A 3 - cephem - 4 - carboxylic acid, 15 
15 7 . [D(— V- « - (4 - ethyl - 2,3 - dioxo -1 - piperazinocarbonylamino)phenyl- 

acetamido] - 3 - [3 - (6 - methylpyridazinyl)thiomethyl] - A 8 - cephem - 4 - carboxylic 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - pipera2inocarbonylamino)phenyl- 
20 acetamido] - 3 - [1 - (4 - methylpiperazino)thiocarbonylthiomethyI] - A 3 - cephem- 20 
4 - carboxylic acid, 

7 . [DC-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylaminp)phenyl- 
acetamido] - 3 - [5 - (3 - methylisoxazoIyl)caibonyltiuQmethyl] - A 3 - cephem - 4- 

carbox^lic^ac^ ^ ^ _ methyl _ 2i 3 - dioxo - 1 - piperazinocarboiiylaminQ)phenyl- 25 
acetamido] - 3 ^ ethoxythiocarbonylthiomethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - ethoxycafbonyl - 2 - oxo - 1 - piperazinocarbonylamino )- 
phenylacetamido] - 3 - methyl - A 8 - cephem - 4 - carboxylic acid, 

7 . [D( — ) - a - (4 - n - hexyl - 3 - oxo - I - pi^erazinocarbonylamino)phenyl- 
^ acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, 30 

7 - TD( — ) - a - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylaminojphenylacet- 
amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - thiomethyl] - A 3 - cephem - 4- 

carboxylic acid, . . t' • > 

7 . [Df— ) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylamino ; - 
35 phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - thiomethyl] - A 3 - 35 
cephem - 4 - carboxylic acid, r . 

7 - [D(— ) - « - (4 - methyl - 2 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazotyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid, 

7 . [D( — ) - a - (4 - ethyl - 2 - oxo - 1 - piperazinocarbonylamino )phenylacet- 40 
amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic add, 

7 - [D(— ) - <* - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazmocarbonyl- 
amino)phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - thiomethyl] - 
45 A 8 - cephem - 4 - carboxylic acid, 45 

7 - [D( — ) - <* - (4 - methyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic add, 

7 - [D(— ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylammo)phenylacet- 
amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - thiomethyl] - A 3 - cephem - 4- 50 
carboxylic add, 

7 - [D(— ) - * - (3,5 - dioxo - 1 - piperazinocarbonylamino)phenylacetamido]- 

3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - thiomethyl] - A 3 - cephem -4- carboxylic 
acid, 

7 _ [Df — ) - a - (4 - acetyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 55 
^ acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazoiyl) - Thiomethyl] - A 3 - cephem- 

4 - carboxylic add, 

7 - [D(— ) - a - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylammo)phenylacet- 
amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 

carboxylic add, t . * 

7 , fD( — ) a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylammo ) - 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - 
ceDhem - 4 - carboxylic add, . _ . . . , ^ 

7- [D(-) -a- (4- methyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacet- 
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amido] - 3 - [5 
carboxylic acid, 
7-[D(~) 
amido] - 3 - [5 
carboxylic acid, 

7-[D(-) 
amino)phenylacetamido] - 3 - [5 
A a - cephem - 4 - carboxylic acid, 
7- [D(-) -a- (4-methyl-3 



(1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 



a - (4 - ethyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
(1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem - 4- 



<r - (4 - acetylaminocarbonyl 
(1 - methyl - 



• 2 - oxo - 1 - piperazinocarbonyl- 
1,2,3,4 - tetrazolyl) - thiomethyl] - 



amido] - 3 - [5 
carboxylic acid, 
7 - [D(-) 
amido] - 3 - [5 
carboxylic acid, 
7- [D(-) 



oxo - 1 - piperazinocarbonylamino)phenylacet- 



(1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem - 4- 

a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenylacet- 
(1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem - 4- 

a - (3,5 - dioxo - 1 - piperazinocarbonylamino)phenylacetamido]- 
3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem - 4 - carboxylic 
acid, 

7 - [D(— ) - xt - (4 - acetyl - 2,5 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3- [D - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem- 
4-carbo^lic arid, and 

methoxymethyl 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino )pheny!acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylate. 

The susceptible test of typical compounds among the compounds of the present 
invention are shown below. 

(1) The minimum inhibitory concentrations (MIC) of the compounds against 
different standard strains are shown in Tables 3 and 4. 

The minimum inhibitory concentration (MIC) was determined by the plate method 
disclosed in "Chemotherapy" (Japan), VoL 16, (1968), pages 98—99. The culture 
medium used was a Heart infusion agar (pH 7.4). The number of the cells per plate 
used in the inoculum was 10* (10 6 cells/ml). 



10 



15 



20 



25 



30 



38 . ■ 1,508,062 38, 

I 



Proteus 
vulgaris 
3027 


o 
o 

CM 

A 


t- 
m 

c4 
V 


0.79 


H 
• 

m 


n 




8 

CM 

A 


1 

A 


in 


lo ■ 

IP 


o 
o 

CM 


o 

in 


o 

in 


in 

CM 




A 








ii 


in 

r-5 

V 


c- 
in 

A 

V 


m 
• 

H 


r- 
in 
* 

rH 

V 


Hi 


c- 
in 

• 
rH 

V 


m 

H 

V 


tn 
H 

in 


in 
V 






•H 


C 

«H 






■H 


■H 


rH 
H 
•H 




Compound 


iH 
H 
•H 

H . 
I 5 

« 

A so 
o o o 

it 

as ° 
o 


O 
•H 

- C 
S CD 

l€ 

T3 CO 
O O 
CO 

CO 

g gs 

VY 

CO * 

1 O 

§ CO 
o g 


O 
•H 

c 

12 

t-4 <— 1 

O CO 

CQ 

cd 

m tno 

g gs 

CO 1 

R 

§ cd 
° 


i 

1® 




O CM 

S-B 


o o 
w o 
o - o 


o m 

32 O 
O— CO 


g 


Com- 
pound 
No. 


(lojq.uoo) 





44 



1,508,062 



44 



i 



in 

CM 

• 


tn 
H 
• 

KV 


in 

CM 


tn 

• 

tn 


m 
• 

CM 
H 


in 

CM 
• 

M3 


o 
in 


S 


O 

m 


in 

CM 


O 
m 


in 

CM 


< 1.57 


< 1.57 


in 
• 

V 


in 
• 

v 


< 1.57 


< 1.57 


tr\ 
H 

in 


< 1.57 


n 

CVJ 

CVJ 
CVJ 

sa 
o 

§ 


KVKNO 

sgs 

CO ' 

. ft 

CM 
» 

o 


m * 
o o o 

CO 1 

P- 

I® 

o 
o 

CM 

a 

o 

CM 

w 
o 
o 
W 


& 

m mo 
« W O 

o o o 

CO 1 

1° 

o 
o 

- 

CM 

« 
o 
PC 

CM 1 

o 


CVJ 
CVJ 


CM 


CM 


in 

CM 



45 



1,508,062 



45 



i 

•9 



in 

CM* 
•H 


rn 

H 

• 


« 

m 


• 

m 


io 

CM 


UN 
CM 


in 

CM 


S3 

• 

m 


ir\ 

CM 


in 

CM 


in 

CM 


in 

CM 
H 


in 
• 
H 

V 


r- 
m 
• 

V 


C- 
m 
• 
H 

V 


C- 
ir> 
• 

H 

V 


in 
H 

V 


in 

H 

V 


c- 
in 

H 

V 


m 
H 

m 


a 

w a o 

' o u o 

PL 

|<o> 

p 

O^fe' tA 
X X 

X 
O 

11 

CM 

g 


a 
X 

mm o 
sex o 
o o o 

CO 1 

K 

N 

CM 

X fo 

O X 

O — O ! 

ii 

CM 

g 


cd 

o o o 
a 

CM 

X I 

O 0] 

XX S3 
0 = 0 CO 
m 

X +> 
o ^ 


cd 
X 

m too 
X X o 
o o o 

I 

g 

CM 

X 
o 

g 


vo 

CM 


CM 


CO 
CM 


cn 

CM 



1,508,062 46 



to 

H 
• 

to 


< 1.57 


in 
rvi 
• 

VQ 


to 

H 

to 


in 

CM 
• 

MD 


in 

CM 

• 

vo 


in 
• 

CM 
r-K 


in 

CM 
• 


in 

CM 


in 

CM 
H 


in 

a 


o 
m 


in 

H 

V 


in 
H 

V 


r- 
m 

A 

V 


c*- 
in 
• 

V 


c- 
in 
• 

H 

V 


in 
• 

H 


c*- 
in 

H 

V 


m 
H 

V 

• 


to too 

ggg 

| 

o 
o 

CM 

« 

O 

vo 

CM 
H 

o 

to 

a 

o 


C8 

to too 

ggs 

BQ l 

R 

§ 

|<o> 

o 

CM 

! 3J 

3 • 

CM 
W 

o 
to 

g 


OS 

S3 

to too 
ffi mo 
o o o 

o 

o 
o 

rib 


CD 

to too 

ggs 

Y-f 

CO ' 

o 

o 
o 


o 

to 


rH 

to 


CM 

to 


to 
to 



48 



1,508,062 



48 



d 



H 



AO 



o 
V 



O 

o 



0) 



JO f^o 
W ffi o 
o o o 

ft 



^2> 



:4 

CM 
» 
O 

CM 



S 



00 
to 



o 



in 



in 

CM 



o 
V 



o 
o 



•I® 



I J 



g 

CM 

8 



cn 
to 



rn 

H 

to 



in 

CM 



vo 



d 
V 



m roo 

§§8 

CQ 1 



I® 



O 
CM 

to 

S 



m 

i-i 
v 



in 

CM 



I 



C 

o 
o 



in 

CM 



in 



V 



in 



w w o 
o o o 

y-r 

CO I 

1 o 
o 

'A 

) as 

£■ 

o 

CM 



o 
o 
o 

IO 



1,508,062 - 51 



< 0.79 


• 
O 

V 


1.57 


0.79 


tn 

CM 
• 


• 

o 

y 


in 

CM 


in 

CM 


IfN 
CM 
• 
VO 


in 

CM 
H 


in 

CM 


in 

CM 

. 

VO 


• 

o 
V 


a 

o 
V 


Cf» 
• 

o 


• 

O 

V 


< 0.79 

i 


d 
V 


o\ 
d 


ON 
• 

o 


to 
m 

o 

% 
g 

fO too 

« wo 
o o o 

Yf 

CQ 1 

R 

n 
§ 

to 

e 


to 
33 
O 
O 

CM 

m 
o 

to too 
W W O 

o o o 

w / — \ 
o 

CM 

w 
o 

vo 
CM 

o 

to | 

a 
o 


to 

to 
35 

o 

o 
o 

O 

o 

CM 
W 
O 

to POO 
W W O 

o o o 

o 
o 

O a z 

o<^ z 

to 

a 


Q 

s 

CM 
W 
O 

to too 
w wo 
o o o 

w 

- p° 

g 


o 

to 


H 

in 


CM 

in [ 


to 
in 



56 



1408,062 



56 



t 




58 



1,508,062 



58 



•a 

4 s 



0 

H- 

% 



< 0.79 


< 0.79 


so 
in 
■ 

H 


vo 
in - 
. 

H 


§ 


S 


1.57 


< 0.79 


< 0.79 


< 0.79 


! co 

CM 


SO 
o 

h 

S3 OQ 

ra 

CM 


§ 

g 


o g 

|<o> 

o s 
§ 


o 


H 



*3 

1 

Q) 
U 

<D 

u 

.a 

© 

■r-t 
O 

H 



O 
G 
0) 



H 
o 



I 5 



o 

■g 



o 

N 

a) 

■a 

a> 
o 



t3 
O 
CQ 



O 
rH 
01 

P4 



O 

00 



o 



+> 

o 

H 

(9 

a> 

HI 
<D 

+> 



G3 



<D 
O 



u 
o 



o 

•s 

a> o 
u v» 
Pi 

-p 

a> a> 
a! co 



4 f 



59 



1,508,062 

i- - i > 



59 



i 

in 



3 

.O 





•i 


o 
m 


>200 


>200 


o 
o 

CM 

A 


Q 
o 

CM 


Q 

O 

CM 


•100 


o 

s 






in 
• 

CM 
H 


in 
cm" 


in 

CM 
VO 


in 

CM 
t 

vo 


in 

CM 
VO 


tn 

CM 
VO* 


in 

CM 
VO 


tn 
tn 




to 

pI 




tn 

rH 
* 

FN 


in 

CM 
VO 














CM 
t 


cn 
r- 

o 


tn 
H 

m 


tn 

H 

tn 


m 

rH 

m 


c- 
in 

H 


t- 
in 

H 


on 
d 


cr» 
d 




H 
1 

P4 


in 

CM 

l-i 


in 

CM 
VO 


in 

CM 
VO 


in 

CM 
H 


in 

CM 
rH 


CM 
H 


in 

CM 
VO 


tn 
H 

tn 




CO 
VO 
CO 

CO 
E 


VO 

in 
H 


in 

CM 
VO 


K\ 
H 

tn 


m 
H 

tn 


tn 

H 

m 


m 

H 

tn 


tn 
rH 

tn 


r- 
in 

H 


1 


















Staphylococcus au 


MS 8596 


VO 

in 

H 


in 

CM 
VO 


tn 
H 
• 

tn 


3.13 


tn 

rH 

en 


tn 
rH 

in 


tn 
H 

tn 


1.57 






















MS 8713 


m 
tn 


in 

CM 

vo 


tn 
H 

in 


tn 
H 

tn 


m 

rH 

in 


tn 

rH 

tn 


tn 
H 

tn 


t> 
in 

r-I 




co 

CO 

m 

CO 

CO 

s 


in 

CM 
VO 


in 

CM 
VO 


tn 

H 

tn 


in 

CM 
VO 


tn 

H 

m 


tn 
r-i 

tn 


tn 

rH 

tn 


in 

rH 






















MS 8619 


d 
V 


ON 

d 


tn 

H 

m 


in 
H 


cn 
d 


on 
d 


d 
V 


d 
V 


wnpo^^ 


Sodium 
Ampicillin 


Sodium 
Carbenicillin 


Sodium 
Sulbenicillin 


ompound No. 1 


m 

H 




VO 


o 
m 


1 ° 


XOJ^uoo 


o 











I 

7 

g 

o 



60 



1,508,062 



60 





8 

CM 

A 


>200 


8 

CM 

A 


o 
O 

CM 

A 


>200 


1 

A 


>200 


8 

CM 

A 




in 

CM | 
vd 


in 

CM 

t 

vo 


in 

CM 
• 

VO 


in 

CM 
VO 


in 

CM 

vd 


in 

CM 

vd 


in 

CM 

vd 


in 

. CM 
«H 




in 

H 


s 

in 


vT> 

c- 

• 

o 


in 

H 


C7* 

d 


r- 

in 


d 


in 
* 

H 




KV 

. H 

in . 


c- 

. in 

i-i 


c*- 
in 

i-i 


in 

H 


en 
H 

en 


in 

H 


t- 

m 

rA 


C- 

tn 

rH 




in 
• 

CM 


in 

CM 

H 


in 

CM 
VO 


in 

CM 

VO 


in 

OJ 

vd 


in 

CM 

vo 


in 

CM 
VO 


in 

CM 
VO 




tn 
H 

tn 


tn 
H 

tn 


en . 
tn 


m 

H 

tn 


tn 

H 

tn 


tn 
H 

m 


r- 
m 

H 


tn 

r-i 

tn 


o 

t-i 
1 


tn 
H 

m 


tn 

rH 

in 


tn 
H 

tn 


C- 
m 

A 


tn 
H 

tn 


tn 


tn 
tn 


tn 
i-i 

tn 


Table 


in 

CM 
VO 


in 

CM 
rH 


.in 

CM 
VO 


en 

H 

tn 


in 

CM 
H 


in 

CM 

vd 


in 

CM 

vd 


in 

CM 

vo 




tn- 

H 

tn 


m 

H 

tn 


in 

H 

tn 


c- 
in 

;H 


tn 

H 

tn 


tn 
H 

tn 


c- 
m 

rH 


m 
•-j 

tn 




o% 
d 


o 


o\ 
d 


o> 
c- 

o 


CJ\ 

d 


o> 
d 


d 
V 


d 
V 




VO 
K\ 


e'- 
en 


CO 

tn 


a> 
m 


o 


in 


VO 

^- 


c- 




d 

1 


















o 

g- 

o 
o 

















62 



1,508,062 



62 



o 
o 



CVJ 

I 

in 
© 

H 
JO 



1.57 


en 
H 

en 


0.79 


0.79 


0.79 


0.79 


<0.4 


0.79 






















>200 


>200 


>200 


>200 


>200 


8 

CVJ 


o 
m 


o 
o 

H 




to 

H 

• 

en 


m 

CM 

• 

vo 


en 

H 
• 

en 


1.57 


en 

H 

tn 


1.57 


0.79 


1.57 




3.13 


12.5 


en 

H 

• 

tn 


1.57 


1.57 


0.79 


0.79 


1.57 




o 
o 

CM 

A 


o 
o 

CM 

A 


i 

o 
o 

CM 

A 


>200 


>200 


>200 


>200 


o 
o 

CM 

A 


-a 














irv 

C\J 


tn 

CM 


* 


o 
o 

H 


o 
o 

CM 


o 

in 


in 

CM 


o 
in 


m 
cm 


NO 


NO 




en 

H 

en 


12.5 


en 

H 

en 


0.79 


1.57 


1.57 


0.79 


1.57 




1.57 


tn 
H 

tn 


0,79 


0.79 


0.79 


0.79 


• 

o 
V 


0.79 




tn 


in 

CM 

NO 


en 
H 

tn 


1.57 


1.57 


1.57 


en 
H 

en 


1.57 




















— 


NO* 

en 


c- 
tn 


CD 
en 


ON 

tn 


o 


in 


vo 






1 No. 


















i 


















Compc 



















64 



1,508,062 



64 





6,25 


in 


in 

CM 

* 

vo 


in 

CM 

vo 


in 

• CM 
• 

: vo 


in 

CM 


in 

CM 


O 

m 


« 




















V 




in 

• ■ 

CM 
H 


O 

in 


in 

CM 
• 
VO 


in 

CM 

vo 


in 

CM 

vo 


m 

CM 


in 

CM 
H 


in 

CM 


s 




in 

CM 

• 

vo 


in 

CM 
H 


to 

H 
• 

KY 


*■ tO 

H 
• 

to 


in 

CM 

vo 


in 

CM 


in 

CM 
VO 


in 

CM 
ri 






in 

CM 
,-| 


in 

CM 


in 

CM 

vo 


to 

H 

to 


to 

ri 

to 


. in 

CM 


in 

CM 

vo 


in 

CM 
H 






in 

CM 


in 

CM 


in 

H 


in 

CM 


in 

CM 


in 

CM 


in 

CM 
H 


in 

CM 






in 

CM 
VO 


in 

CM 

f-\ 


a 

to 


to 

r-l 

to 


in 

CM 
VO 


in 

CM 

i-i 


in 

CM 

H 


in 

CM 
H 




•s 

o 

s 

iTv 


s 

■ to 


in 

CM 

vo 


m 

CM 
VO 


» 

to 


in 

CM 

VO 


to 

H 

to 


in 

CM 
r-T 


in 

CM 






















Table 


in 

CM 
VO 


in 

CM 

vo 


to 
l-i 

to 


to 


in 

CM 
VD 


in 

CM 


in 

CM 
VO 


in 

CM 

H 






in 

CM 
VO 


in 

CM 


to 
to 


in 

CM 
VO 


to 
l-i 

to 


in 

CM 


in 

CM 


O 
in 






. in 

CM 


O 

in 


in 

CM 
H 


in 

CM 

H 


in 

CM 


o 
in 


O 
in 


in 

CM 






VO 

to 


t- 

to 


00 


cr> 
to 


o 


in 


vo 




* 




i 




















I 








s 












o 

& 

o 
o 



















65 



1,508,062 



65 





5 

cr» 

!Z 
S 


in 

CM 


8 

CM 

A 


>200 


in 

CM 


in 

CM 
H 


m 

CM 


in 
• 

CM. 

H 


O 
in 


in 

CM 


eumonlae 


O 

m 

CD 
CO 

§ 


O 

UN 




8 

CM 

A 


in 

CM 


in 

CM 
VO* 


in 

CM 


k\ 

H 

tn 


8 

H 


in 

CM 


s. 
1 


H 
CO 
O 

-a- 

g 


o 
o 

CM 

A 


o 
o 

CM 

A 


o 
o 

CM 

A 


8 

CM 

A 


in 

CM 


O 
in 


in 

CM - 


8 

CM 

A 


8 

i-i 




g 


o 

CM 

A 


o 
o 

CM 

A 


o 
o 

CM 

A 


o 
o 

CM 


in 

CM 


O 
in 


in 

CM 


8 

CM 

A 


Q 
O 
H 




1 

CO 


o 
o 

CM 

A 


o 
o 

CM 


o 
o 

H 


o 

in 


O 

in 


O 
in 


in 

CM 


o 
in 


O 

in 


Q 
•* 
Q 
C 

V. 

l» 
Q 


to 

CO 


8 

CM 

A 


O 
O 
CM 


8 

H 


O 
in 


O 
O 
i-» 


o 
o 

rH 


o 
in 


1 

o 
in 


► 

o 
o 

H 


seudomonas 


CM 


8 

CM 

A 


8 

CM 


O 

s 


8 

H 


o 
in 


O 

in 


in 

CM 


O 

in 


O 

in 




1 

CO 


8 

CM 

A 


8 

CM 




O 

m 


O 
in 


o 
in 


in 
• 

CM 

. H 


o 

In 


O 
in 




§ 
o 

§ 


Sodium 
AmpicilXin 


Sodium 
Carbenicillin 


Sodium 
Surbenicillin 


ompound No. 1 


tn 
H 


si- 
H 


VO 

rri 


ON 


o 
m 




o 


Xoj^uoq 


o 













I 

7 

d 
o 
o 



66 



1,508,062 



66 



§ 
o 



I 

in 

! 



in 

CM 
VO 


in 

CM 
H 


to 

H 

K\ 


m 
• 


in 

CM 
SO 


m 
r-J 


| 

0.79 


1.57 


lA 
• 

CM 
H 


in 

CM 


in 

CM 

vo 


f\ 
fO 


in 

CM 

H 


kV 

H 

ITS 


c- 
in 
* 
H 


*\ 
H 

• 














in 


in 


Q 
O 
H 


o 
o 

CM 


o 
in 


in 

CM 


Q 
o 

H 


in 

CM 


CM 


CM 
H 


S 

H 


o 
o 

M 


O 

in 


in 

CM 


O 
in 


in 

CM 


in 

CM 
iH 


in 

CM 
H 


O 
in 


% 


in 

CM 
H 


in 
• 

CM 
H 


in 

CM 

H 


in 

CM 


o 
in 


o 
in 






m 












in 

CM 


o 
in 


CM 
H 


m 
cu 


m 

CM 


O 

in 


O 
m 


O 

in 


in 

CM 

i-i 


in 

CM 


LTV 

CM 
H 


in 

CM 
H 


in 

CM 


in 

CM 


o 
in 


O 
in 


O 
in 


8 

CM 


m 

CM 
H 


in 

CM 
H 


in 

CM 
H 


in 

CM 


o 
in 


o 
in 


M3 


C- 

en 


CO 


OS 
m 


O 


. in 


\o 




• 
















1 

o 

& 






s 










o 
o 

















67 



1,508,062 



If 


CO 
m 
CO 

to 


m 

H 

m 


in 

CM 

H 


in 

CM 


12.5 


0.79 


in 

rJ 


1.57 


li 


VO 

m 

H 
CM 

CO 


o 

S3 

A 


O 
O 
CM 

A 


Q 
O 

CM 

A 


8 

CM 

A 


8 

CM 


O 
O 
CM 


8 

H 


i 


cr> 

CO 


SO 

in 

H 


in 

CM 
• 


in 

CM 
• 
VO 


in 

CM 
VO 


m 

CM 
M3 


in 

CM 

VO 


3 

m 


i 

1 


VO 
H 
CVJ 

g 


CO 

r- 
d 


3 

tn 


r- 
in 

H 


in 

CM 
* 

vo 


tn 
m 


s 

* tn 


t- 
in 

rH 


i Jlexnert 


o> 

K> 
CO 
H 
r-l 

CO 


in 
H 


in 

CM 

H 


in 

. CM 
H 


m 

H 
K\ 


in 
• 

H 


m 

H 

m 


01 

d 


I 


. in 
H 
C\J 
H 
H 

? 




o 
o 

CM 

A 


o 

CM 

A 


O 
O 
H 


in 

CM 
H 


CM 


m 

CM 
VO 




CM 










in 




in 

CM 


1 


a 

H 

CO 

h> 


O 
o 

CM 

A 


o 
o 

CM 

A 


o 
o 

CM 

A 


O 
O 

CM 

A 


CM 
H 


in 

CM 


vo" 








































in 
in 

ri 

CO 


in 

CM 

vo 


in 

CM 
H 


o 
o 

CM 

A 


in 

CM 
H 


to 
H 
• 

m 


in 

CM 
• 

vO 


c- 
in 

H 




1 

o 

a 
o 


5 

H 
H 
•rl 

§1 

CO 


H 

H 
•H 
O 
•H 

c 

is 

o o 

CO 


c 

•H 
H 
«H 
-H 

a 

•H 

c 

IS 

CO 


O 

§ 

o 

§ 


tn 

c-i 




VO 




o 




o 









68 



1*508,062 



o 
o 



I- 



in 




tn 


CJ> 


in 


' Ox 






<M 


tn 


H 




CM 






















• 


VO 


cm 


tn 


o 


VO 


o 


O 


o 




H 










V 
















V 


o 


o 


O 


o . 


Q 


Q 


o 


• 

o 


o 


o 


O 


s 


© 


S 


in 


in 


CM 


CM 


CM 




CM 


CM. 






A 


A 






A 
















* 










in 


O 


CTk 




t> 


c- 


en 




CM 


in 




in 


in 


in 


r-J 














• 




H 


vo 


H 


d 


H 


A 


ri 


en 


C- 










OS 


a* 




tn 


H 






m 


t — 




in 






• 












A " 


tn 


O : 


o 


H 


d 


d 


A 




in 




o\ 


en 




cys 




H. 


CM 


in 




H 


in 


t> 


in 


















en 


vo 


A 


d 


tn 


H 


d . 


A 














in 


in 














CM 


CM 


6 


o 


in 


in 


O 


in 


VO* 


VO 




o 


- CM 


CM 


in 


CM 






S 


CM 
















A 




























in 














in 


CM 


o 


o 


O 


in 


O 


in 


CM 


vo 


in 


o 


in 


CM 


in 


CM 








r-\ 














en 


in 


en 




en 






cr» 


H 


CM 


H 


in 


H 


in 








• 


• 


• 




* 






en 


VO 


tn 


r-r 


en 




d 


d 


vo 


t- 


00 


cr> 


O 


in . 


VO- 


c- 


en 


en 


en 


en 










o 
















• S3 
















o 




r 




s 
























£ 
















o 
















o 

















69 



1,508,062 



69 





rettgeri 


o 
o 

CM 


>200 


>200 


CM 

vo 


12.5 


12.5 


to 

CM 




vulgaris 


LTV 
• 

V 


00 
• • 

o 


o 
V 


CO 

d 


tO 
H 
. 


d 
V 


^- 

d 
V* 


Proteus 


morganii 


< 1.57 


d 


d 
V 


VO 

in 


H 

P \ 


v./ 
V 


0.79 




nirabilis 


1.57 


00 

d 


0.79 


VO 


tO 

H 

to 


• 

Q 


0.79 






V 










V 






Compound"**"^ — 


Sodium 
Ampicillin 


Sodium 
Carbenicillin 


Sodium 
Sulbenicillin 


ompound No. 16 


O 
to 


VO 
to 


to 




lojq.uoo 


o 









' 1,508,062 ' 70 





in 


CM 


m 

CM 

• 


• 


• 


• 

CM 
H 


• 


• 


vo 


to 


o 








• 


• 


-a- 

• 


d 


d 


• 

o 


o 


O 


o 


V 


V 


V 


V 


V 


V 






c- 


• 






O 


• 

o 






o 


o 


V 


V 






V 


V 














d 


d 


d 


d 


o 


o 


V 


V 


V 


V 


V 


v 


00 

to 


to 


o 
«^ 


m 
^- 


so 




* 

o 

$25 
























Compou 













71 



1,508,062 



71 



H 
I 



X3 





in 
1 


in 

CM 


VO 

in 

rH 


0.78 


0.78 


o 
in 


o 
in 


in 

CM 

H 






m 

H 
K\ 


d 
V 


d 
V 


d 
V 


vo 
in 

H 


m 

rH 
K> 


vo 
in 

H 




1 

Pn 


vo 
in 

H 


d 
V 


^- 
d 
V 


d 
V 


vo 
in 

rH 


vo 
in 

H 


vo 
in 

H 




m 


vo 
in 

H 


d 
V 


d 
V 


d 
V 


d 


vo 
in 

rH 


CO 

d 




2 


m 
H 


d 
V 


d 


d 
V 


m 

rH 
• 


H 

tn 


SJ 

tn 


i 


MS 8684 


VO 

in 
H 


d 
V 


d 

V 


d 
V 


VO 

in 

H 


vo 
in 

rH 


vo 
in 

rH 


Staphylococcus c 


vo 

s 
g 


VO 

in 
H 


d 
V 


d 
V 


d 
V 


CD 

o 


vo 
in 

H 


CO 

d 




MS 87X3 


m 

H 

tn 


d 
V 


d 
V 


d 
V 


CD 

d 


vo 
in 

H 


vo 

m 

rH 




MS 8588 


H 
to 


d 
V 


d 
V 


d 
V 


vo 
in 

rH 


VO 

in 
H 


VO 

in 
H 




MS 8619 


vo 

in 
H 


-<* 
d 

V 


d 
V 


d 
V 


CO 

d 


vo 
in 

rH 


00 

d 




Sodium 

; Cephaloglycin 


Sodium 
Cephalothin 


Sodium 
Cephazolin 


© 
c 

-r» 
N 
•H 

O 

a 

P, 
flJ 

CJ 


ompound No. 60 


H 
VO 


CM 
VO 


/ ° 


Xoa^uoo 


o 







I 

7 
c 

8 



72 

T7 



1,508,062 



72 



t 

O 

o 



I 





CO 


CO 


in 












CM 


o 


o 


i-t 






VO 


in 


m 




CM 


iH 








. rH 


vo 


tn 


VO 


GO 


CO 


in 


r- 


r- 








H 


o 


o 


00 


vO 


in 




in 










o 


H 


rH 




VO 


rn 


q 


in 


H 










fH 


tn 


VO 


VO 


VO 


in 


in 


in 








r+ 


r-J 


r-J 


VO 


VO 


VO 


irv 


in 


in 








•-J 


H 


r-I 


vo 


m 


VO 


in 




in 








H 


m 


pH 


VO 


VO 


vO 


in 


in 


in 








H 


H 


i-5 


00 


CO 


00 














O 


© 


d 


KN 


CO 




vO 


VD 


. so 








O 






a 






§ 

o 

Q) 






a 






o 






o 







1,508,062 



74 




75 



1,508,062 



75 



o 
o 



3 





in 












CM 


in 


CM 


i-i 


CM 


O 






in 


CM 


CM 




in 


in 








in 






CM 


H 


H 




in 


in 








in 


CM 


CM 


CM 


H 


r-i 


o 


O 


O 


ITS 


in 


m 




in 


in 


o 


CM 


CM 


LTV 


H 


H 




tn 


in 




H 


CM 


in 


tn 


vo 


CM 








in 






CM 


in 








O 


VO 


CM 


in 




H 






in 






• 


o 


CM 


CM 


in 


H 


f-H 


O 


O 


O 


o 


in 


in 


H 








00 


<X> 




vO 


VO 








o 






S3 






§ 

o 






§• 






o 






o 







76 

1 



1,508,062 



76 



t 

s 
3 





c— 

§ 


VO 

m 

r-5 


ro 
H 

to 


vo 
in 

r-I 


to 
1-1 

to 


LO 
CM 

VO 


Vfv 
CM 

VO 


m 
CM 

vo 


pneumoniae 


CO 

o 

& 
o 


tO 
H 

to 


m 

CM 
H 


to 

H 
to 


ITv 

CM 
H 


m 
CM 


in 

CM 

«-i 


ITV 

CM 
r-J 


I 


H 


to 

1™ 1 
fO 


LQ 
vo" 


to 
to 


in 

CM 
H 


LTV 
CM 


CM 


in 

CM 




i 

CO 


8 

CM 

A 


o 
o 

CM 

A 


o 
o 

CM 

A 


Q 
O 

CM 

A 


O 
O 
r-+ 


O 
irv 


O 
O 
CM 


I 


tO 
I 

CO 


o 

O 

CM 


o 

o . 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

rt 


O 
in 


O 

o 

CM 


r 




A 


A 


A 


A 








! 


















1 
1 


CVJ 

1 

CO 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


o 
o 

CM 


O 

o 

r-t 


O 
in 


o 
o 

CM 






A 


A 


A 


A 










iH 
1 

CO 


8 

CM 

A 


o 
o 

CM 

A 


o 
o 

CM 

A 


8 

CM 

A 


O 

o 

CM 


O 

irv 


O 
O 
CM 




o 

a 

o 


o 
>» 

H 
60 
O 
i-i 

S CO 

3 

■h a 
•a o 
o o 

CO 


c 

•A 

si 

4* 
O 
H 

12 

o o 

CO 


•H 
H 
O 
N 

e cd 
3 a 

•H Q. 

o o 

CO 


CD 
C 
•H 
N 

•rt 

O 
i-J 

AS 
.G 

o, 

«J 

o 


• o 

vo 

o 

S3 

§ 

o 
B 

o 


H 

vo 


CM 
VO 




o 


toa^uoo 


o 







I 

8 



77 



1,508,062 



o 

o 



I 



H 

tn 


1.56 


0.78 


in 

CM 

vo 


i 


l 


in 

CM 

• 

VO 


i 


i 




in 

CM 


o 

in 


8 

H 


in 

CM 


O 
m 


O 
O 
H 


m 

CM 


in 

CM 


O 
O 
H 


in 

CM 


in 

CM 


K\ 
VO 


CD 
VO 


o> 

VO 


o ■ 

S3 






Compound 







1,508,062 




.79 



10 



15 



1,508,062 

(3) Resistant activity against /^-lactamase, Pseudomonas aeruginosa GN 238: 
The resistant activity of each compound against /8-lactamase was measured in the 
manner described below. 

^-Lactamase was prepared from Psuedomonas aeruginosa GN 238. This micro- 
organism was cultured in 100 ml of a medium containing 2 g of yeast extract. 10 g of 
polypeptone, 2 g of glucose, 7 g of disodium hydrogen phosphate, 2 g of potassium 
dihydrogen phosphate, 12 g of ammonium sulfate and 0.4 g of magnesium sulfate, per 
liter, in a 500-ml Erlenmeyer flask for 6 hrs. at 37°C with shaking. The resulting ceus 
were collected by centrifugation (5,000 r.pjn. x 10 min.), washed three times with 
0.1 M phosphate buffer (pH 7.0). Subsequently, the cells were subjected to sonication 
(20 KHa, 20 min.) and then centrifuged at 15,000 r.p.m. for 60 min. By using the 
supernatant of enzyme fluid, the resistance of each compound against ^-lactamase was 
determined by the iodometric assay method. The results obtained were as set forth in 
Table 7. Each numeral shown in Table 7 is a relative activity value calculated by 
assuming as 100 the activity of the control Potassium Penicillin G. 
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Comparison of resistant activity 
against /& -lactamase 



Compound 


Relative activity 
(*> 




Potassium Penicillin G 


100 
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Sodium Ampicillin 


115 


Conti 


Sodium Carbenicillin 
Sodium Sulbenicillin 
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From Tables 3 to 6, it is understood that the compounds of the present invention 
have a broader antibacterial spectrum and more excellent antibacterial activity against 
not only Pseudomonas aeruginosa, Klebsiella pneumoniae and Proteus species but also 
20 many drug-resistant bacteria than the control ampicillin and. cephaloglycin, i.e. com- 
pounds having an amino group at the o-position of the acyl group. It is also understood 
from Table 7 that the compounds of the present invention are far higher in resistance to • 
/^-lactamase than the control drugs. 



20 



IR (film) cm- 1 : v 0=o 1790, 1710, 1640 
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As is clear from the above results, the compounds represented by the formula 
(Ie), among the compounds of the present invention, show prominent effects, and par- 
ticularly preferable compounds are those of the formula (Ie), in which A represents a * 
hydrogen atom, or an unsubstituted or substituted alky], alkenyl, axyl or aralkyl group; 
5 and R 2 and RP represent individually a hydrogen atom or an alkyl group. 5 

The present penicillins and cephalosporins have generally low toxicity. For 
example, 6 - [D( — ) - a - (4 - methyl * 2*3 - dioxo - 1 - piperazino carbonyiamino ) - * 
phenylacetamido] penicillanic add and 6 - [D(— ) - a - (4 - ethyl - 2,3 dioxo - 1- 
piperazinocari>onylammo)phenylac^ (i.v. in mouse 

10 having a weight of W±lg) greater than 5 g/kg. 10 

The compounds of formula (I) of the present invention may be administered not 
only in the form of free adds but also in the form of non-toxic sabs or physiologically 
acceptable esters. Further, the compounds, which are in the form of physiologically 
unacceptable esters, axe ordinarily put into uses after bringing them to the form of free 
15 acids or non-toxic salts by removing the ester-forming group according to a conven- 15 
tionalprocedure known in this technical field. 

The compounds of the present invention can be administered to humans and 
animals after formulating them into a physiological form such as tablet, capsule, syrup, 
injection or the like which is usually adopted in the case of penicillin and cephalosporin 
20 type drugs. 20 

Procedures for producing the compounds of the present invention are shown below 
with reference to examples. 

Example 1. 

(1) To a mixture comprising 2.5 g of l-acetyl-3-oxo-piperazine, 3.45 g of tri- 
25 ethylamine and 20 ml of anhydrous dioxane was added a solution of 3.71 g of trimethyl- 25 • 
chlorosllane in 10 ml of anhydrous dioxane. The resulting mixture was refluxed for 17 
hours and cooled to deposit triethylamine hydrochloride, which was then removed by 
filtration. The filtrate was dropped at —40° to — 30°C into a solution of 1.8 g of phos- 
gene in 30 ml of anhydrous methylene chloride. After the dropping, the resulting mix- 
30 ture was elevated in temperature, and reacted at room temperature for 30 minutes. Sub- 30 
sequently, the excess phosgene and the solvent were removed by distillation under 
reduced pressure to obtain 3.5 g of pale brown, oily 4-acetyi-2-axo-l-piperazino- 
carbonyl chloride. 



35 (2) A suspension of 1.0 g. of 6-[D( — )-a-aminophenylacetamido] penicillanic 35 

add in 20 ml of tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.0 to 8 J by gradual addition of triethylamine with stirring, and then cooled to 
0°C. Into the thus treated suspension was dropped a solution of 900 mg of the afore- 
said 4-acetyl-2-oxo-l-piperazinocarbonyi chloride in 5 ml of tetrahydrofuran at said 

40 temperature over a period of 30 minutes. During this period, the pH of the suspension 40 
was maintained at 7.5 to 8.0 by gradual addition of triethylamine. Subsequently* the 
temperature of resulting mixture was elevated to 5° to 10°C, and the mixture was 
reacted at said temperature for 1 hour while maintaining the pH thereof at 7.5 to 8.0 by 
addition of triethylamine. After the reaction, the tetrahydrofuran was removed by 

45 reduced pressure distillation, and die residue was dissolved in a mixed solvent com- 45 
prising 30 ml of ethyl acetate and 10 ml of water. The resulting solution was adjusted 
to a pH of 1.5 to 2 by addition of dilute hydrochloric add with ice-cooling, and then 
the organic layer was separated off. The aqueous layer was re-extracted with 20 ml of 
ethyl acetate, and the resulting organic layer was combined with the aforesaid organic 

50 layer. The combined organic layer was washed with water, dried over anhydrous mag- 50 - 
nesium sulfate, and then ice-cooled. Into this organic layer was dropped a solution of 
470 mg of a sodium salt of 2-ethylhexanoic add in 20 ml of ethyl acetate to deposit 
white crystals. The deposited crystals were collected by filtration, washed with ethyl * 
acetate and then dried to obtain 1.4 g of a sodium salt of 6-[D( — )-«-(4-acetyl-2-oxo- 

55 l-piperazmocarbonylammo)phenyl^ add, m.p. 205°C (decomp.), 55 

yield 94%. 

IR (Or) cmr 1 : v 0sa0 1760 (lactam), 1600—1700 (—COO©, --CON<) 
NMR: [(GD 3 ) a SO+D 2 0] t values: 2.73 (5H), 4.35 (1H), 4.75 (2H), 5.75 
(1H), 5.84 (2H), 6.42 (4H), 8.03 (3H), 8.52 (3H), 8.64 (3H) 

60 The above-mentioned operation was repeated, except that the 4-acetyl-2-oxo-l- 50 
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sequentiy, the mixture was stirred at said temperature for 60 minutes. Into the thus 
treated mixture, a solution of 646 mg of a triethyiamine salt of 6-aminopenicillanic acid 
in 30 ml of anhydrous methylene chloride was dropped at —40° to — 30°C over a 

a period of 10 minutes. Thereafter, the mixture was reacted with stirring at —30° to 
5 -20°C for 60 minutes, at -20° to -10°C for 30 minutes, and at -10° to 0°C for 5 
30 minutes. After the reaction, the organic solvent was removed by reduced pressure 
distillation. Hie residue was dissolved in a mixed solvent comprising 50 ml of ethyl 
acetate and 20 ml of water, and the resulting solution was adjusted to a pH of 1.5 to 2.0 
by addition of dilute hydrochloric acid with ice-cooling. Subsequently, the organic layer 

10 was separated off, sufficiently washed with water and then dried over anhydrous mag- 10 
nesium sulfate, and the ethyl acetate was removed by reduced pressure distillation. The 
residue was dissolved in 50 ml of acetone, and the resulting solution was mixed with a 
solution of 340 mg of a sodium salt of 2-ethylhexanoic acid in 20 ml of acetone with 
ice-cooling to deposit white crystals. The deposited crystals were collected by nitration, 

15 sufficiently washed with acetone and then dried to obtain 1.16 g of a sodium salt of 15 
6 - [D(— ) - « - (4 - acetyl - 2 - oxo - 1 - piperazmocarbonylamino)phenylacetamido] - 
penicillanic add, m.p. 205°C (decomp.), yield 94%. 

Example 3. 

(1) To a mixture comprising 1.0 g of l-palmitoyl-3-oxo-piperazine, 0.6 g of 20 
20 triethyiamine and 20 ml of anhydrous dioxane was added a solution of 0.65 g of tri- 
methylchlorosilane in 10 ml of anhydrous dioxane. The resulting mixture was refluxed 
for 16 hours and cooled to deposit triethyiamine hydrochloride, which was then removed 
by filtration. The filtrate was dropped at —40° to — 30°C into a solution of 0.6 g of 
phosgene in 30 ml of anhydrous methylene chloride. After the dropping, the temperature 25 
25 of the resulting mixture was elevated and the mixture was reacted at room temperature 
for 30 minutes. Subsequently, the excess phosgene and the solvent were removed by 
reduced pressure distillation to obtain 1.1 g of pale yellow, oily 4-palmitoyl-2-oxo-l- 
piperazinocarbonyl chloride. 

IR (film) cnr- 1 : 1740, 1660, 1640 

30 (2) A suspension of 1.0 g of 6-[D(— )-<r^inophenykcetamido]penicillanic 30 

acid in 20 ml of tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.0 to 8.5 by gradual addition of triethyiamine with stirring, and then cooled to 
0°C Into the thus treated suspension, a solution of 1.27 g of the aforesaid 4-palmitoyl- 
2-oxo-l-piperazinocarbonyl chloride in 5 ml of tetrahydrofuran was dropped at said 

35 temperature over a period of 30 minutes. During this period, the pH of the suspension 35 
was maintained at 7.5 to 8.0 by gradual addition of triethyiamine. Subsequently, the 
temperature of the resulting mixture was elevated to 5° to 10°Q and the mixture was 
reacted at said temperature for 1 hour while maintaining the pH thereof at 7.5 to 8.0 
by addition of triethyiamine. After the reaction, the tetrahydrofuran was removed by 

40 reduced pressure distillation, and the residue was dissolved in a mixed solvent com- 40 
prising 30 ml of ethyl acetate and 10 ml of water. The resulting solution was adjusted 
to a pH of 1.0 to 2.0 by addition of dilute hydrochloric acid with ice-cooling, and then 
the organic layer was separated off. The aqueous layer was re-extracted with 20 ml of 
ethyl acetate, and the resulting organic layer was combined with the aforesaid organic 

45 layer. The combined organic layer was washed with water, and dried over anhydrous 45 
magnesium sulfate. This organic layer was concentrated under reduced pressure to 
remove the solvent, and the concentrate was charged into 10 ml of diisopropyl ether to 
deposit crystals. Thereafter, the crystals were collected by filtration to obtain 1.65 g of 
white crystals of 6-[D(-)^(4-paMtoyl-2-oxo-l-piper^ 

50 acetamido] penicillanic acid, m.p. 121— 123°C (decomp.), yield 80%. 50 

IR (KBr) cm- 1 : v c=<) 1770 (lactam), 1730 (— COOH), 1660—1630 
(— CON<). 

The above-mentioned operation was repeated, except that the 4-palmitoyl-2-oxo- 
l-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
55 pounds of formula (III) shown in Table 9, to obtain respective objective compounds 55 
as shown in Table 9. The structure of each objective compound was confirmed by IR 
and NMR. 
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(3) A suspension of 4i0 g of 6-[D(— )^aminophenylacetamido]^cillaiuc 
acid in 40 ml of tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.6 to 8.5 by gradual addition of triethylamine with stirring, and then cooled to 
0°C Into the thus treated suspension, 10 ml of a tetrahydrofuran solution containing s 
5 2.2 g of the aforesaid 4-methyl-3-oxo-l-piperazinocarbonyl chloride was dropped. 5 
During this period, the pH of the suspension was maintained at 7.5 to 8.5 by gradual 
addition of triethylamine. Subsequently, the resulting mixture was reacted at said tern- . 
perature for 30 minutes, and the temperature thereof was elevated to 10° to 15°Q after 
which the mixture was further reacted at said temperature for 90 minutes while main- 

10 taining the pH thereof at 7.5 to 8.0 by addition of triethylamine. After the reaction, the 10 
tetrahydrofuran was removed by distillation under reduced pressure, and the residue 
was dissolved in 30 ml of water. The resulting solution was washed with ethyl acetate, 
and then the aqueous layer was separated off. This aqueous layer was ice-cooled and 
then adjusted to a pH of 1.5 by addition of dilute hydrochloric acid to deposit white 

15 crystals. The deposited crystals were collected by filtration, washed several times with a 15 
small amount of water, dried, and then dissolved in 100 ml of acetone. To the resulting 
solution was added 1.9 g of a sodium salt of 2-ethylhexanoic acid with ice-cooling to 
deposit white crystals, which were then collected by filtration to obtain 5.4 g of a 
sodium salt of 6- [D( — )^(4-methyl-3-oxo-l-piperazinoc^rbonylamino)phenylacet- 

20 amido] penicillanic acid, m.p. 195°C (decomp.), yield 92%. 20 

IR (KBr) cnr- 1 : v 0=o 1760. (lactam), 1600—1660 (— CON<, — COOS) 
NMR [(OD a ) 2 SQ+D 2 0] r values: 2.62 (5H), 4.48 (1H), 4.56 (2H), 5.97 
(3H), 6.63—6.39 (4H), 7.13 (3H), 8.46 (3H), 8.55 (3H) 

The above-mentioned operation was repeated, except that the 4-methyl-3-oxo-l- 
25 piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 25 
pounds of formula (III) shown in Table 10, to obtain respective objective compounds 
as shown in Table 10. The structure of each objective compound was confirmed by IR 
and NMR. 
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of 2-ethylhexanoic acid to deposit white crystals. The deposited crystals were collected 
by filtration and then dried to obtain 1.26 g of white crystals of a sodium salt of 
D(-) - a - (2 - methyl - 3 - oxo - 1 - pipera2inocarbonylamino)phenylacetic acid, 
m.p. 215°C (decomp.), yield 70%. 
5 IR (KBr) cmr 1 : 1650-1590 5 

(2) To a suspension in 15 ml of anhydrous acetone of 1.0 g of the above-men- 
tioned sodium salt of D(— )-^(2-methyl-3-oxo-l-piperazinocart>onylamino)phenyI- 
acetic acid was added 10 mg of N-methylmorpholine. The resulting mixture was cooled 
to —20° to — 15°C, and a solution of 380 mg of ethyl chlorocarbonate in 5 ml of 

10 anhydrous acetone was dropped into said mixture over a period of 5 minutes. Subse- 10 
quently, the mixture was stirred at said temperature for 60 minutes, and then cooled to 
—40° to —30°C Into the thus treated mixture was dropped a solution of 960 mg of a 
triethylamine salt of 6-aminopenicillanic acid in 10 ml of anhydrous methylene chloride 
over a period of 10 minutes. Thereafter, the mixture was reacted with stirring at —30° 

15 to — 20°C for 60 minutes, at —20° to — 10°C for 30 minutes* and at —10° to 0°C 15 
for 30 minutes. After the reaction, the organic solvent was removed by distillation under 
reduced pressure. The residue was dissolved in a mixed solvent comprising 20 ml of 
water and 50 ml of ethyl acetate, and the resulting solution was. adjusted to a pH of 
1.5 by addition of dilute hydrochloric acid with ice-cooling. Subsequently, the organic 

20 layer was separated off, sufficiently washed with water and then dried over anhydrous 20 
magnesium sulfate. To this organic layer was added 0.5 g of a sodium salt of 2-ethyl- 
hexanoic acid with ice-cooling to deposit white crystals. The deposited crystals were 
collected by filtration, and then dried to obtain 1.39 g of a sodium salt of 6-[D(— )- 
a- (2-methyl-3-oxo-l-pipera2inocarbonylamino) phenylacetamido 1 penicillanic add, m.p. 

25 208°C (decomp.), yield 90%. 2 * 
In the same manner as above, 2.0 g of a sodium salt of 6 - [D(— ) .-«- 
(4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino ) propionamido] penicillanic acid, 
m.p. 195°C (decomp.), yield 86%, was obtained from L59 g of a sodium salt of 
D(— ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylaminojpropionic acid and 

30 1.59 g of a triethylamine salt of 6-aminopenicillanic acid. 30 

IR (KBr) cm" 1 : v c=0 1760 (lactam), 1680—1600 (— CON<, — C006) 

Example 6. 

(1) Into a solution of 05 g of phosgene in 10 ml of anhydrous dioxane was 
dropped at 10°C 10 ml of anhydrous dioxane containing 0J6 g of l-allyl-2-oxo-piper- 35 
35 azine and 0.5 g of triethylamine, upon which reaction took place to deposit white 
crystals of triethylamine hydrochloride. Subsequently, the deposited crystals were col- 
lected by filtration, and the filtrate was concentrated to dryness to obtain 800 mg of 
pale yellow, oily 4-allyl-3-oxo-l-piperazinocarbonyl chloride. 

IR (film) cm- 1 : v Css0 1720, 1640 

40 (2) A suspension of 1.4 g of 6-[D(--)^-aminophenykcetamido]penicillanic 40 

acid in tetrahydrofuran containing 20% by volume of water was adjusted to a pH of 
8.0 to 8.5 by gradual addition of triethylamine with stirring, and then cooled to 0°C 
Into the thus treated suspension was dropped 10 ml of a tetrahydrofuran solution con- 
taming 800 mg of the aforesaid 4-altyl-§-oxo-l-piperazinocarbonyl chloride. During 

45 this period, the pH of the suspension was maintained at 7.5 to 8.5 by gradual addition 45 
of triethylamine. Subsequently, the resulting mixture was reacted at said temperature 
for 30 minutes, and the temperature thereof was then elevated to 10° to 15°Q after 
which the mixture was further reacted at said temperature for 90 minutes while main- 
taining the pH thereof at 75 to 8.0 by addition of triethylamine. After the reaction, the 

50 tetrahydrofuran was removed by distillation under reduced pressure, and the residue 50 
was dissolved in 20 ml of water. The resulting solution was washed with ethyl acetate, 
and the aqueous layer was then separated off. This aqueous layer was ice-cooled and 
adjusted to_ a pH of L5 by addition of dilute hydrochloric acid to deposit white crystals. 
The deposited crystals were collected by filtration, sufficiently washed with water and 

55 then dried to obtain 1.8 g of 6-[D(— )-«-(4-allyl-3-oxo-l-pipera2inocarbonylamino)- 55 
phenylacetamido]penicillanic add, m.p. 92°C (decomp.), yield 90%. 

IR (KBr) cm- 1 : v Csa0 1760 (lactam), 1720—1620 (— COOH, — CON<) 
The above-mentioned operation was repeated, except that the 4-allyl-3-oxo-l- 
piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
pounds of formula (III) shown in Table 11, to obtain respective objective compounds 60 
as shown in Table 11. The structure of each objective compound was confirmed bv IR . 
and NMR. r J 
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to 15°C for 3 hours to terminate the reaction. Subsequently, the tetrahydrofuran and 
the excess phosgene were removed by distillation under reduced pressure to obtain 
11.0 g of oily 4-acetyl-2,5-dioxo-l-piperazinocarbonyl chloride. 

(2) A suspension of 17.5 g of 6-[D(— )^-aminophenylacetamido]penicUlanic £ 
5 acid in 200 ml of tetrahydrofuran containing 20% by volume of water was adjusted to 5 
a pH of 8.0 to 8 J by gradual addition of triethyl amine with stirring at 10° to 15°C to 
form a homogeneous solution. Into this solution was dropped a solution of 11.0 g of the 
aforesaid 4-acetyl-2 > 5-dioxo-l-pipera2inocarbonyl chloride in 30 ml of tetrahydrofuran 
at 0°C over a period of 30 minutes. During this period, the pH of the reaction solution 

10 was maintained at 7.5 to 8.0 by gradual addition of triethylamine. Subsequently, the 
temperature of the resulting mixed solution was elevated to 5° to 10°C and the solution 
was further reacted for 1 hour while maintaining the pH thereof at 7.5 to 8.0 by addi- 
tion of triethylamine. After completion of the reaction, the tetrahydrofuran was removed 
by distillation under reduced pressure. To the residue was added 100 cc of N hydro- 

15 chloric acid at 0° to 10°C. and the resulting mixture was stirred for 30 minutes to 15 
deposit white crystals. The deposited crystals were collected by filtration, and again 
suspended in water. The resulting aqueous suspension was adjusted to a pH of 8.0 by 
gradual addition of triethylamine at 5° to 10°C, and then freed from insolubles by fil- 
tration. The filtrate was adjusted to a pH of 1.5 by gradual addition of N-hydrochloric 

20 acid to deposit crystals. The deposited crystals were collected by filtration, washed with 20 
water and then dried to obtain 21.2 g of 6- [D( — )-a-(4-acetyl-2,5-dioxo-l'-pipera2ino- 
carbonylamino)phenylacetamido] penicillanic acid, b.p. 162— 164°C (decomp.), yield 
80%. 

IR (KBr) cm- 1 : v 0kQ 1770 (lactam), 1730—1660 (— COOH, — CON<) 
25 NMR ((CDa)*CO) r values: 023 (1H), 2.65 (5H), 426 (1H), 4.33—4.63 25 

(2H), 5.38 (4H), 5.68 (1H), 7.55 (3H), 8.47 (3H), 8.53 (3H) 

The above-mentioned operation was repeated, except that the 4-acetyl-2,5-dioxo- 
1-piperazino.carbonyl chloride was replaced by each of the reactive derivatives of com- 
pounds x>f formula (HI) shown in Table 12, to obtain respective objective compounds 
30 as shown in Table 12. The structure of each objective compound was confirmed by IR 30 
and NMR. 
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Example 10. . 

(1) A suspension of 8.0 g of D(— )-«-aminophenyl acetic acid in 80 ml of tetra- 
hydrofuran was adjusted to a pH of 11.5 by gradual addition of a N sodium hydroxide 
solution with stirring to form a homogeneous solution. This solution was cooled to 0°C, 

and 15 ml of a tetrahydrofuran solution containing 11 g of 4-acetyl-2,5-dioxo-l-piper- 5 
azinocarbonyl chloride was dropped at said temperature into said solution over a period 
of 30 minutes. During this period, the pH of the reaction solution was maintained at - 
10.5 to 11.0 by gradual addition of a N sodium hydroxide solution. Subsequently, the 
temperature of the resulting mixed solution was elevated to 5° to I0°C, and the mix- 
ture was further reacted, for 1 hour, upon which D(— )-ta-aminophenylacetic acid 10 
deposited. After completion of the reaction, the deposited add was separated by filtra- 
tion, and the filtrate was concentrated under reduced pressure to remove tetrahydro- 
furan. The residue was dissolved in a mixed solvent comprising 10 ml of water and 
80 ml of ethyl acetate, and the resulting solution was adjusted to a pH of 1.0 by addi- 
tion of dilute hydrochloric acid with ice-cooling. Subsequently, the organic layer was 15 
separated off, dried over anhydrous magnesium sulfate, and then charged into 100 ml 
of an ethyl acetate solution containing 8.3 g of sodium 2-ethylhexanoate to deposit 
crystals. The deposited crystals were collected by filtration, washed with acetone, and 
then dried over P 2 0 5 to obtain 7.9 g of a sodium salt of D(~)-a-(4-acetyl-2,5-«Boxo- 
l^piperaariocarbonylamino)phenylacetic acid, ntp. 104°C (decomp.), yield 42%. 20 

IR (KBr) cm- 1 : v Cs50 1690— 1650, 1600— 1590 

(2) To a suspension in 25 ml of anhydrous acetone of 1.75 g of the aforesaid 
sodium salt of D( — )^-(4-a<^l-2,5-dioxo-l-piperaz^ 

acid was added 20 mg of N-methylmorpholine, and the resulting mixture^was cooled to 
—20° to — 15°C. Into this mixture was dropped a solution of 0.57 g of ethyl chloro- 25 
carbonate in 5 ml of anhydrous acetone over a period of 5 minutes, and the mixture was 
stirred at said temperature for 60 minutes. Subsequently, a solution of 129 g of a tri- 
ethylamine salt of 6-aminopenicillanic acid in 30 ml of anhydrous methylenechloride 
was dropped into said mixture at —40° to — 30°C over a period of 10 minutes. The 
temperature of the resulting mixture was elevated from — 30°C to 0°C, and the mix- 30 
ture was then reacted at said temperature for about 2 hours. After the reaction, the sol- 
vent was removed by distillation under reduced pressure. The residue was charged into 
30 ml of water* and the resulting mixture was freed from insolubies by filtration with 
ice-cooling. The filtrate was adjusted to a pH of 1.5 to 2.0 by addition of dilute hydro- 
chloric add to deposit crystals. The deposited crystals were collected by filtration, suffi- 35 
ciently washed with water, and then dried to obtain 2.34 g of 6-[D(— )-a-(4-acetyl- 
2,5-dioxo-l-piperazmocarbonylamm^ acid, m.p. 162 — 

164°C (decomp.), yield 90%, 

In the same manner as above, 530 mg of 6-[D(— )-a-(4-benzyl-2^-pentamethyl- 
ene-3,5-dioxo-l-pipera2inocarbonylamino)phenylacetamido] penicillanic acid, m.p. 95 — 40 
1(K) 0 Q yield 82.68% was obtained from 450 mg of D(~)-a-(4-benzyl-2,2-penta- 
methylene-3,5-dioxo-l-pipera^ocarbonylamino)phenylacetic acid and 320 mg of a 
triethylamine salt of 6-amino-penicillanic acid. . 

IR (KBr) cm- 1 : v 0=o 1770 (lactam), 1700—1660 (— COOH, — CON<) 

Example 11. 45 

(1) Into a mixture comprising 8 g of a diethyl ester of oxalic acid and 8 ml of 
ethanol was dropped at room temperature 4.4 g of N-ethyl ethylenediamine. The result- 
ing mixture was allowed to react for 3 hours, and then heated to remove the ethanol. 
Subsequently, the residue was recrystallized from 10 ml of dioxane to obtain 5.4 g of 
l-ethyl-2,3Hdioxo-piperazine, m.p. 124°C, yield 76.0%. 50 

(2) To a suspension of 0.71 g of the above-mentioned l-ethyl-2,3-dioxo-piper- 
azine in 15 ml of anhydrous dioxane were added with stirring 0.70 g of trimethylsilyi 
chloride and 0.83 ml of triethylamine. The resulting mixture was stirred at room tem- 
perature for 20 hours to deposit triethylamine hydrochloride. This hydrochloride was 
separated by filtration, and the filtrate was dropped at 5° to 10°C into a solution of 55 
0.70 g of phosgene in 10 ml of anhydrous tetrahydrofuran. Subsequently, the resulting 
mixture was reacted at 5° to 10 °C for 30 minutes and at room temperature for 2 hours, 

and then the solvent was removed by distillation under reduced pressure to obtain 1.0 g 
of pale yellow crystals of 4-ethyl-2,3-dioxo-l-piperazinocarbonyl chloride. 



IR (KBr) cm- 1 : v C!=0 1780, 1660 
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(3) A suspension of 1.75 g of 6-[D( — )^aminophenylacetamido]penicillanic 
acid in 50 ml of tetrahydrofuran containing 20% by volume of water was adjusted to a 
pH of 8.0 to 8.5 by addition of triethylamine with stirring to form a solution. This 

* solution was cooled to 0° to 5°Q and then 7 ml of an anhydrous tetrahydrofuran solu- 
5 tion containing 1.0 g of the aforesaid 4-ethyl-2,3-dioxo-l-piperazinocarbonyl chloride 5 
was dropped into the solution. During this period, the pH of the reaction solution was 
maintained at 7.5 to 8.0 by gradual addition of triethylamine. The resulting mixed solu- 
tion was reacted at said temperature for 30 minutes and then at 5° to 10°C for 1 hour, 
while maintaining the pH thereof at 7.5 to 8.0. After the reaction, the tetrahydrofuran 

10 was removed by distillation under reduced pressure, and the residue was dissolved in 10 
20 ml of water and then washed two times with 20 ml of ethyl acetate. To the aqueous 
layer was again added 50 ml of ethyl acetate, and the resulting mixture was adjusted to 
a pH of 1.5 by gradual addition of dilute hydrochloric acid with ice-cooling. Subse- 
quently, the ethyl acetate layer was separated off, sufficiently washed with water, and 

15 then dried over anhydrous magnesium sulfate. Into the thus treated layer was dropped 15 
10 ml of an ethyl acetate solution containing 0.83 g of sodium 2-ethyl-hexanoate to 
deposit white crystals. The deposited crystals were collected by filtration, sufficiently 
washed with ethyl acetate, washed with diethyl ether, and then dried to obtain 2.4 g of 
a sodium salt of 6-[D(~)-c^(4^thyl-2,3-dioxo-l-piperazinocarbonylamino)phenyl- 

20 acetamido]penicillanic acid, m.p. 183— 185°C (decomp.), yield 89%. 20 

IR (KBr) cm- 1 : v c=sC 1765 (lactam), 1720—1670 (— CON<), 1600 (— COOO) 
NMk ((CD 8 ) 2 SO+D 2 0) r values: 2.62 (5H), 4.31 (1H), 4.50 (1H), 4.70 
(1H), 6.05 (1H), 6.35—6.65 (6H), 8.49 (3H), 8.60 (3H), 8.91 (3H) 

The above-mentioned operation was repeated, except that the 4-ethyl-2 > 3-dioxo- 25 
25 1-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
pounds of formula (III) shown in Table 13, to obtain respective objective compounds 
as shown in Table 13. The structure of each objective compound was confirmed by IR 
and NMR. 
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dried over magnesium sulfate, and then concentrated to a liquid amount of about 2 mL 
To the concentrate was added 20 ml of diisopropyl ether to deposit crystals, which 
were then collected to obtain 0.95 g of crystals of a phthalide ester of 6-[D(— )-<*-(4- 
methyl-2,3Hii<KO-l-piperazinocarto acid, m.p. 

5 157— 160°C (decomp.), yield 90.0%. 5 

IR (KBr) cm" 1 : v 0sO 1780 (lactam), 1715 (ester), 1680 (— CON<) 
NMR ((CD 8 ) a CQ+D 2 0) r values: 2.12 (4H), 2.40 (1H), 2.58 (5H), 4.25— 
4.60 (3H), 5.45 (1H), 5.85—6.42 (4H), 6.90 (3H), 8.50 (6H) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
10 1-piperazinocarbonyl chloride was replaced by each of die reactive derivatives of com- 10 
pounds of formula (III) shown in Table 15, to obtain respective objective compounds 
as shown in Table 15. The structure of each objective compound was confirmed by IR 
and NMR. 
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Example 15. 

A solution of 0.86 g of a hydrochloride of methoxymethyl ester of 6-[T>(-)-n- 
aminophenykcetamido]peiiiciIlanic acid in 15 ml of tetrahydrofuran containing 20% 
by volume of water was adjusted to a pH of 8.0 to 8 J by addition of triethylamine at £ 

5 0* to 5°C Into this solution, a solution of 0.38 g of 4-methyl-2,3-dioxo-l-piperazino- 5 
carbonyl chloride in 10 ml of tetrahydrofuran was dropped over a period of 10 minutes. 
During this period, the pH of the reaction solution was maintained at ,7.5 to 8.0 by 
gradual addition of triethylamine. The resulting mixed solution was reacted for 30 
minutes, while maintaining the pH thereof at 7.5 to 8.0. After completion of the reac- 

10 tion, the tetrahydrofuran was removed by distillation under reduced pressure. The iU 
residue was dissolved in a mixed solvent comprising 50 ml of water and 50 ml of ethyl 
acetate, and the resulting solution was adjusted to a pH of 1.5 by addition of dilute 
hydrochloric acid with ice-cooling. Subsequently, the organic layer was separated off, 
washed with water, dried over anhydrous magnesium sulfate, and then freed from the 

1 5 solvent by distillation under reduced pressure to form crystals. The thus formed crystals 1 ^ 
were washed with diethyl ether to obtain 0.9 g of a methoxymethyl ester of 6- [D( - )- 
a-(4-methyl-2,3-dioxo-l-pipem^ pemallamc acid, 

m.p. Ill— 115°C (decomp.), yield 82.5%. 

IR CKBt) cm- 1 : v Cd0 1780 (lactam), 1740 (ester), 1700—1660 (_CON<) 
20 NA»((fcDs) 8 COW values: 0.15 (IH), 2.0 (IH), 2.67 (5H), 43-4-5 3H), 20 

U 4.75 (2H), 5.7 (IH), 6.55 (4H), 6.97 (3H), 725 (3H), 8.84 (3H), 
8.60 (3H) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
1-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
25 pounds of formula (III) shown in Table 16, to obtain respective objective compounds 
as shown in Table 16. The structure of each objective compound was confirmed by IR 
and NMK 
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Example 18. 

Using 0.93 g of a hydrochloride of 0-morpholinoethyl ester of 6-[D( — )-<r-amino- 
phenylacetamidojpenicillanic acid and 0.39 g of 4-methyl-2,3-dioxo-l-piperazino- 
carbonyl chloride, the same operation as in Example 15 was repeated to obtain 0.8 g of 
5 a jS-morpholinoethyl ester of 6-[D( — )-^-(4-methyl-2,3-dioxo-l-pipera2inocarbonyl- 5 
amino) phenylacetamido] penidllanic acid, m.p. 150— 153°C (decomp.), yield 73%. 

IR (KBr) cm- 1 : 1780 (lactam), 1740 (ester), 1710-1680 (— CON<) 
NMR (CDCI3) r values: 2.55 (5H), 4.3—4.55 (3H), 5.6 (1H), 5.7 (3H), 6.0 
(2H), 6.3 (2H), 7.4 (2H), 7.5 (4H), 8.5 (6H) 

10 The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 10 

1- piperazinocarbonyl chloride was replaced by 4-n-octyl-2,3-dioxo-l-piperazinocarbonyl 
chloride, to obtain a /tenorpholinoethyl ester of 6-[D( — )-a-(4-n-octyl-2,3-dioxo-l- 
piperazuiocaibcmylaniino ) phenylacetamido] penicillanic acid, m.p. 103 — 105°C 
(decomp.), yield 70%. 

15 Example 19. 15 

(1) To a solution of 8.7 g of a sodium salt of D(—)^phenylglycine in 50 ml 
of water were added 50 ml of ethyl acetate and 5.05 g of triethylamine. To the resulting 
mixture was gradually added 9.5 g of 4-methyl-2,3-dioxo-l-piperaziiiocarbonyl chloride 
at 0° to 5°C over a period of 15 minutes, and then the mixture was reacted at 5° to 

20 15°€ for 30 minutes. After the reaction, the aqueous layer was separated off, washed 20 
with diethyl ether, and then adjusted to a pH of U by addition of dilute hydrochloric 
acid to deposit crystals. The deposited crystals were collected by nitration, washed with 
water and dried to obtain 14.1 g of D( — )-«-(4-methyl-2,3-dioxo-l-piperazinocarbonyl- 
amino)phenylacetic acid, m.p. 138— 141°C (decomp.), yield 87%. Recrystallization 

25 from hydrous butanol gave white crystals, m.p. 140— 142°C (decomp.). 25 

Elementary analysis (for CuHjjNaO, . H 2 0): 

Calculated (%) C: 52.01 H: 5.30 N: 13.00 

Found (%) C: 5224 H: 5.32 N: 12.87 
IR (KBr) cm" 1 : v fe0 1710, 1700, 1660 

30 (2) Into a solution of 10 g of the above-mentioned D(-)-a-(4-methyl-2,3- 30 

dioxo-l-piperazinocarbonylamino)phenylacetic acid in 200 ml of acetone was dropped 
a solution of 5.2 g of a sodium salt of 2-ethylhexanoic acid in 50 ml of acetone with 
stirring to deposit crystals. The deposited crystals were collected by filtration and then- 
washed with acetone to obtain 9.6 g of a sodium salt of D ( —V*- (4-methyl-2,3-dioxo- 

35 l-piperazinocarbonylamino)phenylacetic acid, m.p. 165°C (decomp.), yield 95%. 35 
(3) To a suspension of 8.8 g of the above-mentioned sodium salt of D(— )-a- 
(4-methyl-2,3-dioxo-l-pipera2dnocaibonylamino)phenylacetic acid in 80 ml of methyl- 
ene chloride was added 20 mg of N-methylmorpholine. Into the resulting mixture was 
dropped a solution of 3.1 g of ethyl chlorocarbonate in 20 ml of methylene chloride at 

40 —20° to — 15°C over a period of 5 minutes, and the mixture was reacted at said tern- 40 
perature for 1 hour. Into this reaction liquid was dropped a solution of 9.4 g of a tri- 
ethylamine salt of 6-aminopenicillanic acid in 40 ml of methylene chloride at —40° to 
— 30°C over a period of 10 minutes, and the resulting mixture was reacted at —40° to 
— 20°C over a period of 1 hour. After the reaction, the temperature of the reaction 

45 liquid was gradually elevated to 0°C over a period of 1 hour, and the mixture was then 45 
subjected to extraction with 100 ml of water. Subsequently, the aqueous layer was 
separated off, and the methylene chloride layer was further subjected to extraction with 
50 ml of water, and the resulting aqueous layer was combined with the aforesaid aqueous 
layer. The combined aqueous layer was adjusted to a pH of 2 by addition of dilute 

50 hydrochloric acid with ice-cooling to deposit crystals. The deposited crystals were col- 50 
lected by filtration, sufficiently washed with water, dried and then dissolved in 200 ml 
of acetone. Into the resulting solution was dropped a solution of 4 g of a sodium salt of 

2- ethylhexanoic acid in 40 ml of acetone over a period of 10 minutes to deposit crystals. 
The deposited crystals were collected by filtration, washed with acetone and then dried 

55 to obtain 11.4 g of a sodium salt of 6-[D(— )-«-(4-methyl-2,3-dioxo-l-pipera2ino- 55 
carbonylamino)phenylacetamido] penicillanic acid, m.p. 170°C (decomp.), yield 80.8%. 

The above-mentioned operation was repeated, except that the D( — )-«- (4-methyl- 
2,3-dioxo-l-piperazinocarbonylamino)phenylacetic acid was replaced by each of the 
compounds of formula (V) shown in Table 18, to obtain respective objective com- 

60 pounds as shown in Table 18. The structure of each objective compound was confirmed 60 
by IR and NMR. 
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Example 20. 

(1) To a solution of 2.28 g of D( — )-<r-amino-l,4-cyclohexadienylacetic acid in 
15 ml of N NaOH were added 20 ml of ethyl acetate and 2.1 ml of triethylamine, and 

the resulting mixture was cooled to 0°C. To this mixture was gradually added 1.69 g of * 
5 4-methyl-2,3 -dioxo- 1-piperazinocarbonyl chloride over a period of 10 minutes. Sub- 5 
sequently, the mixture was reacted for 30 minutes with ice-cooling, and then the aqueous 
layer was separated off. To the aqueous layer was further added 20 ml of ethyl acetate. - 
The resulting mixture, was adjusted to a pH of 2 by addition of 2N hydrochloric acid 
with ice-cooling, and the ethyl acetate layer was separated off. The organic layer was 
10 sufficiently washed with water, dried over anhydrous magnesium sulfate, freed from the 10 
solvent by distillation under reduced pressure and then incorporated with isopropyl 
alcohol to deposit crystals. The deposited crystals were collected by filtration to obtain 
2.5 g of white crystals of D(—)-os-(4-methyl-2,3-dioxo-l-piperazinocarbonylamino)- 
1,4-cyclohexadienylacetic acid, m.p. 140— 145°C (decomp.), yield 74%. 

15 IR (KBr) cm- 1 : ite 3300, v c=0 1715, 1660 15 

NMR (d 6 -DMSO) r values: 0.57 (1H, d), 4.26 (1H, s), 4.36 (2H, s), 5.29 
(1H, d), 6.07—6.18 (2H, m), 638—6.49 (2H, m), 7.05 (3H, s), 
7.35 (4H, s) 

(2) To a suspension of 0.45 g of the above-mentioned D( — )-<r-(4-methyl-2,3- 

20 dioxo-l-pipera2inocarbonylamino)-l,4-cyclohexadienylacetic acid in 15 ml of anhydrous 20 
methylene chloride was added 0.24 ml of N-methylmorpholine with stirring to form a 
solution. After cooling the solution of — 10° C, 3 ml of an anhydrous methylene chloride 
solution containing 0.24 g of ethyl chlorocarbonate was dropped into the solution, and 
the resulting mixture was reacted at said temperature for 90 minutes. Subsequently, the 

25 reaction liquid was cooled to — 20°Q and 5 ml of a methylene chloride solution con- 25 
taining 0.70 g of a triethylamine salt of 6-aminopenicillanic acid and 0.31 ml of triethyl- 
amine was gradually dropped into die reaction liquid. The resulting mixture was 
reacted at -20°C for 1 hour, at -20° to 0°C for 1 hour, and at 0° to 5°C for 1 hour. 
Thereafter, the reaction liquid was freed from the solvent by distillation under reduced 

30 pressure. The residue was dissolved in 10 ml of water and then washed with 10 ml of 30 
ethyl acetate. The aqueous layer was again incorporated with 15 ml of ethyl acetate, 
and then adjusted to a pH of 2.0 by addition of 2N HC1 with ice-cooling. Subsequently, 
the ethyl acetate layer was separated off, washed with water, dried over anhydrous 
magnesium sulfate, and freed from the solvent by distillation under reduced pressure to 

35 obtain 0.74 g of white crystals of 6-[D( — )-o-(4-methyl-2 J 3-dioxo-l-piperazino- 35 
carbony!amino)-l,4-cyclohexadienylacetamido]penicillanic acid, m.p. 84 — 87°C 
(decomp.), yield 87%. 

IR (KBr) cm" 1 : v Css<) 1780 (lactam), 1730—1660 (— COOH, — CON<) 
NMR (de-DMSO) r values: 0.55 (1H, d), 0.95 (1H, d), 4.22 (1H, s), 4.35 
40 (2H, s), 4.41— *.61 (2H, s), 4.92 (1H, d), 5.75 (1H, s), 6.05 (2H, bs), 40 

6.40 (2H, bs), 7.03 (3H, s), 7.35 (4H, s), 8.40 (3H, s), 8.52 (3H, s) 

The thus obtained product was adjusted to a pH of 7:0 by neutralization with an 
aqueous sodium hydrogencarbonate solution, and then subjected to filtration and freeze- 
drying to obtain a sodium salt thereof. 
45 The above-mentioned operation was repeated, except that the D( — )-«-(4-methyl- 45 

2^-dioxo-l^piperazinocarbonylamino)-l,4-cydohexadienylacetic acid was replaced by 
each of the compounds of formula (V) shown in Table 19, to obtain respective objective 
compounds as shown in Table 19. The structure of each objective compound was con- 
firmed by IR and NMR. 
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Example 21. 

(1) To a solution of 2.2 g of DL^-ammo-2-thienylacetic acid in 14 ml of a N 
sodium hydroxide solution was added at 0°C 22 g of triethylamine. To the resulting 
mixture was further added 3.6 g of 4-methyl-2,3-dioxo-l-piperazinocarbonyl chloride ~ 

5 little by little at said temperature. Subsequently, the mixture was reacted at 0°C for 30 5 
minutes, and then at room temperature for 30 minutes. After the reaction, the readon 
liquid was adjusted to a pH of 1.0 by addition of dilute hydrochloric acid to deposit s 
crystals. The deposited crystals were collected by filtration, washed with water and then 
dried to obtain 3.5 g of DL^(4-methyl-2,3^oxo-l-piperazinocarbonylamino)-2- 
10 thienylacetic acid, m.p. 214— 215°C (decomp.), yield 80.5%. - 10 

IR (KBr) cm" 1 : v c=0 1710, 1680—1660 

(2) Into a solution of 3.5 g of the above-mentioned DL^-(4-methyl-2,3-dioxo- 
1 -piperazinocarbonylamino ) -2-thienylacetic acid in 100 ml of acetone was dropped a 
solution of 1.86 g of a sodium salt of 2-ethyIhexanoic acid in 50 ml of acetone, upon 

15 which crystals were deposited. The deposited crystals were collected by filtration and 15 
then washed with acetone to obtain 3 J g of a sodium salt of DL-or- (4-methy 1-2,3- 
dioxo-l-piperazinocarbonylamino ) -2-thienylacetic acid, m.p. 175 — 176°C (decomp.). 

(3) To a suspension of 3.3 g of the above-mentioned sodium salt of DL-a-(4- 
methyi-2,3-dioxo- 1-piperazinocarbonylamino ) -2-thienylacetic acid in 50 ml of methyl- 

20 ene chloride was added 30 mg of N-methylmorpholine, and the resulting mixture was 
then cooled to —20° to — 15 d C. Into the resulting mixture was dropped a solution of 
1.3 g of ethyl chlorocarbonate in 20 ml of methylene chloride over a period of 5 minutes, 
and the mixture was stirred at said temperature for 90 minutes. Subsequently, a solu- 
tion of 3.3 g of a triethylamine salt of 6-aminopeniciIlanic acid in 50 ml of methylene 

25 chloride was dropped into the mixture at — 50° to — 40°C over a period of 20 minutes, 

25 

and the resulting mixture was reacted with stirring at —40° to — 30°C for 30 minutes, 
at -30° to -20°C for 30 minutes, and then at -20° to 0°C for 30 minutes. After 
the reaction, the solvent was removed by distillation under reduced pressure, and the 
residue was dissolved in water. The resulting aqueous solution was adjusted to a pH of 
30 2.0 by addition of dilute hydrochloric acid with ice-cooling to deposit crystals. The 30 




20 



IR (Nujol Registered Trade Mark) cm- 1 : v 0=0 1780 (lactam), 1715 (— COOH), 
35 1685—1675 (— CON<) 35 

NMR ((CD 8 ) a CO) r values: 0.5 (1H), 1.8 (1H), 2.6 (1H), 2.85—3.05 (2H), 
4.0 (1H), 4.2—4.5 (2H), 5.7 (1H), 5.8—6.0 (2H), 6.2—6.4 (2H), 
6.95 (3H), 8.4 (3H), 8.45 (3H) 

The thus obtained product was adjusted to a pH of 7.0 by neutralization with an 
40 aqueous sodium hydrogencarbonate solution, and then subjected to filtration and freeze- 40 
drying to obtain a sodium salt thereof. 

The above-mentioned operation was repeated, except that the sodium salt of DL-. 
o-(4-methyl-23^oxo-l-piperazinocari)onylamino)-2-thienylacetic acid was replaced 
by each of the compounds of formula (V) shown in Table 20, to obtain respective 
45 objective compounds as shown in Table 20. The structure of each objective compound 45 
was confirmed by IR and NMR. 
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Example 22. 

To a suspension of 0.9 g of 6^[D(~)^aminophenylacetamido]penicillanic add 
in 30 ml of anhydrous ethyl acetate were added at 5° to 10°C 0.55 g of triethylamine 
and 0.6 g of trimethylsilyl chloride. The resulting mixture was reacted at 15° to 20°C * 
5 for 3 hours to form trimethylsilylated 6- [D ( — ) -^aminophenylarctamido] penicillanic 5 
acid. To this acid was then added 1 g of 4-ethyl-2^3-dioxo-l-piperazinocarbonyl 
chloride, and the resulting mixture was reacted at 15° to 20 °C for 2 hours. After the * 
reaction, a deposited triethylamine hydrochloride was separated by filtration, and the 
filtrate was incorporated with 0.4 g of n-butanol to deposit crystals. The deposited 

10 crystals were collected by filtration to obtain 125 g of white crystals of 6- [D ( — )-<*- 10 
(^thyl-23-dioxo-l-piperazinocarbonylamino)phenylar ftt Rmido]pe n ic i 11an k acid. Into 
a solution of said crystals in 30 ml of tetrahydrofuran was dropped a solution of 0.38 g 
of a sodium salt of 2-ethylhexanoic acid in 10 ml of tetxahydroruran, upon which white 
crystals were deposited. The deposited crystals were collected by filtration, sufficiently 

15 washed with tetrahydrofuran and then dried to obtain 125 g of a sodium salt of - 15 
6 -[D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - pipera2inocarbonylamino)phenylacet- 
amido] penicillanic acid, m.p. 183— 185°C (decomp.), yield 90%. 

Example 23. 

To a suspension of 4 g of a trihydrate of 6- [ D ( — ) ^-aminophenylacetamido ] - 
20 penicillanic acid in 40 ml of water was added 20 ml of ethyl acetate, and the resulting 20 
mixture was cooled to 2°C. Subsequently, the mixture was incorporated with 1.37 g of 
potassium carbonate, and then stirred at 2° to 3°C for 2 minutes. Thereafter, 1.89 g of 
4-me±yl-2,3-dioxo4-piperazinocarbonyl chloride was added to the mixture at said 
temperature over a period of 10 minutes, and the resulting mixture was reacted at said 
25 temperature for 15 minutes. After the reaction, slight amounts of insolubles were separ- 25 
ated by filtration, and the filtrate was charged into 80 ml of ethyl acetate. Into the 
resulting mixture was dropped 5 ml of 2N HC1 at 20° to 22°C over a period of 5 
minutes, and the mixture was stirred at said temperature for 5 hours to deposit crystals. 
The deposited crystals were collected by filtration, washed two times with 4 ml of water, 
30 further washed two times with 4 ml of isopropanol, and then dried to obtain 4.0 g of a 30 
dihydrate of 6-[D( — )^(4-methyl^2,3^oxo-l-pipera2inocarbonylamino)phenylacet- 
amido] penicillanic acid, m.p. 156 — 157°C (decomp.), yield 75.4%. 

IR (KBr) cm- 1 : v Cat0 1775, 1740, 1695, 1670 

NMR (dVDMSO) r values: 0.18 (1H, d), 0.77 (1H, d), 2.66 (5H, s), 4.30 
35 (1H, d), 4.40 (3H, br), 4.48 (1H, g), 4.65 (1H, d), 5.80 (1H, s), 35 

6.12 (2H, bs), 6.45 (2H, bs), 7.06 (3H, s), 8.48 (3H, s), 8.60 (3H s) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
1-piperazinocarbonyl chloride was replaced by 4-ethyl-2,3-dioxo-l-piperazinocarbonyl 
chloride, to obtain a monohydrate of 6-[D(— )-«-(4-ethyl-2,3-dioxo-l-piperazino- 
40 carbonylamino)phenylacetamido] penicillanic acid, m.p. 154—156°C (decomp.), yield ^O 
84.8%. 

IR (KBr) cm- 1 : v Cs0 1775, 1735, 1705, 1680, 1665 

NMR (d B -DMSO) r values: 0.20 (1H, d), 0.76 (1H, d), 2.69 (5H, s), 4.32 
(1H, d), 4.53 (1H, q), 4.64 (1H, d), 5.00 (3H, br), 5.83 (1H, s), 6.13 
45 (2H, bs), 6.49 (2H, bs), 6.62 (2H, q), 8.44 (3H, s), 8.58 (3H, s), 45 

8.91 (3H,t) 

The thus obtained monohydrate was neutralized with an aqueous sodium hydrogen- 
carbonate solution, and then subjected to filtration and freeze-drying to obtain a sodium 
salt of 6-[D(-)^(4-ethyl-2,3-dioxo-l-piperazin^ 
50 penicillanic acid. . 50 

Further, a solution in 10 ml of nitromethane of 2 g of the aforesaid dihydrate of 
6 - [D( — ) -a - (4 - methyl - 2,3 - dioxo - 1 - piperazino carbonylamino ) phenylacet- 
amido] penicillanic acid was allowed to stand overnight to deposit crystals, which were 
then collected by filtration to obtain 2 g of a monohydrate of a nitromethane addition 
55 product of 6-[D(— )^(4-methyi-2,3-oUoxo-l-piperazinocarbonylamino)phenylacet- 55 
amido] penicillanic acid, m.p. 128— 130°C (decomp.), yield 92.2%. 

Elementary analysis (for CaaHt,NjO,S . CH 3 NO a . H 2 0): 
Calculated (%) C: 47.42 H: 5.19 N: 14.43 
Found (%) C: 47.94 H: 5.13 N: 14.53 



IR (KBr) cm- 1 : v Cs0 1770, 1735, 1700, 1680 

NMR (aVDMSO) r values: 022 (lft d), 0.80 (lft d), 2.69 (5H, s), 3.30 
(3H, br), 4.30 (IH, d), 4.46—4.70 (2H), 5.67 (3ft s), 5.81 (1ft s), 
6.13 (2ft .bs), 6.46 (2ft bs), 7.07 (3ft s), 8.45 (3H, s), 8.58 (3ft s) 

~ Example 24. e 

To a suspension of 1.6 g of a trihydrate of D ( — ) -«-aminobenzyl penicillin in 20 
ml of water was added at 2° to 3°C 0.54 g of potassium carbonate, and the resulting 
mixture was stirred for 3 minutes. To the mixture was gradually added 0.81 g of 4- 
ethyl-2,3-dioxo-l-piperazinocarbonyl chloride at said temperature oyer a period of 10 

I a minutes, and the mixture was reacted for 15 minutes. After the reaction, slight amounts « q 

1 of insolubles formed were separated by filtration, and the filtrate was charged into 10 mi 
of methyl n-propyl ketone. Into the resulting mixture was dropped 1.98 ml of 2N HCl 
at 15° to 20°C over a period of 2 minutes, and the mixture was stirred at said tem- 
perature for 1 hour to deposit crystals. The deposited crystals were collected by filtra- 

15 tion, washed two times with 2 ml of water, further washed two times with 2 ml of ^ 
methyl n-propyl ketone, and then dried to obtain 1.7 g of a monohydrate of D( -)-«- 
(4-ethyI-2,3-moxo-l-piperazinoc^^ m.p. 152 — 154°C 

(decomp.), yield 802%. 

The thus obtained product was neutralized with an aqueous sodium hydrogen- 

20 carbonate solution, and then subjected to filtration and freeze-drying to obtain a sodium 20 
salt of the said product. 

Example 25. 

A suspension of 4.0 g of a monohydrate of 7- [D ( - ) -a-aminophenylacetamido] -3 - 
methyl-A 3 <ephem-4-carboxylic acid in 60 ml of tetrahydrofuran containing 20% by 

25 volume of water was adjusted to a pH of 8.0 to 8.5 by gradual addition of triethylamine 

L,J with stirring to form a solution, which was then cooled to 0°C. To this solution were 25 
gradually added 2.5 g of crystals of 4-methyl-2,3-dioxo-l-piperazinocarbonyl chloride 
over a period of 10 minutes. During this period, the pH of the reaction solution was 
maintained at 7.5 to 8.0 by gradual addition of triethylamine. Subsequently, the result- 

30 ing mixture was reacted at 0° to 5°C for 15 minutes while maintaining the pH thereof 

at 7.5 to 8.0. After the reaction, the reaction liquid was stirred together with 60 ml of J0 
diethyl ether and 70 ml of water, and then the aqueous layer was separated off. The 
thus obtained aqueous layer was washed with 30 ml of ethyl acetate, cooled to 0° to 
5°C, and then adjusted to a pH of 1.5 by addition of dilute hydrochloric acid to deposit 

35 white crystals. The deposited crystals were collected by filtration, sufficiently washed 

with water and then dried to obtain 4.7 g of white crystals of 7 - [D(— ) - *- ^° 
(4 - methyl - 2,3 - diaxo - 1 - piperazmocarbonylammo)phenylacetamido] - 3 - methyl- 
A 3 - cephem - 4 - carboxylic acid, m.p. 185— 186°C (decomp.), yield 86%. 

IR (KBr) cm- 1 : v Ca0 1770—1760 (lactam), 1720—1660 (— CON<, — COOH) 
40 NMR (d 0 -DMSO) rvalues: 0.1 (1ft d), 0.56 (1ft d), 2.62 (5ft s), 4.26—4.37 

(2ft dd), 5.05 (1ft d), 6.1 (2ft bs), 6.47 (2ft bs), 6.63 (2ft s), 40 
7.05 (3ft s), 8.02 (3ft s) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
1-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of com- 
45 pounds of formula (III) shown in Table 21, to obtain respective objective compounds 

as shown in Table 21. The structure of each objective compound was confirmed by IR 45 
and NMR. 
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Example 26. 

(1) To a solution of 0.92 g of l-n-pentyl-23-dioxo-piperazine in 15 ml of 
anhydrous dioxane were added 1.1 ml of triethylamine and 1.08 g of trimethylsilyl 

- chloride. The resulting mixture was stirred at room temperature for 20 hours to form 
5 triethylamine hydrochloride. This hydrochloride was separated by filtration, and the 5 
filtrate was dropped at 0° to 5°C into a solution of 0.6 g of phosgene in 10 ml of 
anhydrous tetrahydrofuran. Subsequently, the resulting mixture was reacted at 5° to 
10°C for 30 minutes and then at room temperature for 2 hours. Thereafter, the solvent 
was removed by distillation under reduced pressure to obtain 1.21 g of pale yellow, 

10 oily 4-n-pentyl-2,3-dioxo-l-piperazinocarbonyl chloride. 

IR (film) cm- 1 : v Cj=0 1790, 1720—1665 

(2) A suspension of 1.70 g of a monohydrate of 7- [D ( — ) ^a-aminophenylacet- 
amido] -3-methyl-A 8 -cephem-4-carboxylic acid in 50 ml of tetrahydrofuran containing 

20% by volume of water was adjusted to a pH of 8.0 to 8.5 by addition of triethylamine 15 
15 with stirring to form a solution. This solution was cooled to 0° to 5°C, and 7 ml of an 
anhydrous tetrahydrofuran solution containing 121 g of the 4-n-pentyl-2,3-dioxo-l- 
piperazinocarbonyl chloride obtained in (1) was dropped into the solution. During this 



20 




10 



20 



After the reaction, the tetrahydrofuran was removed by distillation under reduced 
pressure, and the residue was dissolved in 20 ml of water and then washed two times 
with 20 ml of ethyl acetate. The aqueous layer was again charged with 40 ml of ethyl 
acetate, and then adjusted to a pH of 1.5 by gradual addition of dilute hydrochloric 25 
25 acid with ice-cooling. Subsequently, the ethyl acetate layer was separated off, washed 
with water, and then dried over anhydrous magnesium sulfate. Thereafter, 10 ml of an 
ethyl acetate solution containing 0.75 g of sodium 2-ethylhexanoate was dropped into 
the layer at 0° to 5°C to deposit white crystals. The deposited crystals were col- 
lected by filtration, and washed with ethyl acetate and then with diethyl ether to obtain 30 
30 1.95 g of a sodium salt of 7 - [D(-) - a - (4 - n - pentyl - 2,3 - dioxo - 1 - piper- 
azinocarbonylamino ) phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 
m .p. 164— 166°C (decomp.), yield 75%. 

IR (KBr) cm" 1 : v c=0 1750 (lactam), 1720—1660 (— CON<), 1590 (— COO©) 
NMR (de-DMSQ + DsO) r values: 2.58 (5H, s), 4.33 (1H, s), 4.49 (1ft d), 35 
35 5.17 (1H, d), 6.10 (2H, bs), 6.42—6.87 (6H, m), 8.09 (3H, s), 8.60— 

8.90 (6H,bs), 9.12 (3H, t) 

The above-mentioned operation was repeated, except that the 4-n-pentyl-2,3- 
dioxo-l-piperazinocarbonyl chloride was replaced by each of the reactive derivatives of 
compounds of formula (III) shown in Table 22, to obtain respective objective com- 40 
40 pounds as shown in Table 22. The structure of each objective compound was confirmed 
by IR and NMR. 
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Example 27. 

Using 1.5 g of a hydrochloride of methoxymethyl ester of 7-[D( — )^r-amino- 
phenylacetamido] -3-methyl-A 8 -cephem-4-carboxylic add and 0.65 g of 4-methyl-2 5 3- 
dioxo- 1-piperazinocarbonyl chloride, the same operation as in Example 25 was repeated * 
5 to obtain 1.6 g of a methoxymethyl ester of 7 - [D( — ) - a - (4 - methyl - 2,3- 5 
dioxo - 1 - piperaztnocai^onylamino)phenylacetamido] - 3 - methyl - A 3 - cephem - 4- 
carboxylic acid, m.p. 146— 148°C (decomp.), yield 86%. 

IR (KBr) cm' 1 : v 0=c 1770 (lactam), 1710 (ester), 1680—1600 (— CON<) 

Example 28. 

10 To a suspension of 0.20 g of 7-[D(— )-a-aminophenylacetamido] -3-acetoxy- 10 

methyl-A Q -cephem-4-carboxylic add in 15 ml of anhydrous chloroform was added 
0.17 ml of triethylamine with stirring to form a solution, which was then cooled to 0°C. 
To this solution was added 0.11 g of 4-methyl-^3-dioxo-l-piperazinocarbonyl chloride, 
and the resulting mixture was reacted at room temperature for 2 hours. After the reac- 

15 tion, die reaction liquid was evaporated under reduced pressure, and the residue was 15 
dissolved in 15 ml of water. The resulting solution was washed with 10 ml of ethyl 
acetate. The aqueous layer was again charged with 20 ml of ethyl acetate, and then 
adjusted to a pH of 1.5 by addition of 2N hydrochloric add with ice-cooling. Subse- 
quently, the ethyl acetate layer was separated off, successively washed with water and a 

20 saturated aqueous sodium chloride solution, and then dried over magnesium sulfate. 20 
Thereafter, the solvent was removed by distillation under reduced pressure to obtain 
022 g of white crystals of 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piper- 
azino carbonylamino ) pheny lacetami do ] - 3 - acetoxymethyl - A 3 - cephem - 4 - carb- 
oxylic add, m.p. 175°C (decomp.), yield 76%. 

25 

25 IR (KBr) cm*- 1 : v Ca0 1770 (lactam), 1720-1650 (— CON<, — COOH) 

NMR (d 0 -DMSO) r values: 0.23 (1H, d), 0.63 (1H, d), 2.66 (5H, s), 4.32 
(1H q), 4.43 (lit d), 5.05 (1H, d), 5.21 (2H, q), 6.15 (2H, bs) 3 6.40 
(2H, bs), 6.57 (2H, bs), 7.0 (3H, s), 8.0 (3H, s) 

The above-mentioned operation was repeated, except that the 4-methyl-2,3-dioxo- 
30 1-piperazinocarbonyl chloride was replaced by each of die reactive derivatives of com- 30 
. pounds of formula (III) shown in Table 23, to obtain respective objective compounds 
as shown in Table 23. The structure of each objective compound was confirmed by IR 
and NMR. 
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to form a mixed acid anhydride. Into the thus formed acid anhydride was dropped a 
solution formed by adding 0.50 ml of triethylamihe to a suspension in 5 ml of methanol 
of 0.41 g of 7 - amino - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl]- 

i A 3 - cephem - 4 - carboxylic acid. After the dropping, the resulting mixture was reacted 
5 at -50° to -30°C for 30 minutes, at -30° to -20°C for 30 minutes, at -20° to 5 
0°C for 60 minutes, and then at room temperature for 30 minutes. Thereafter, the reac- 
tion liquid was concentrated under reduced pressure, and the concentrate was dissolved 
in 10 ml of water, washed with 5 ml of ethyl acetate, again charged with 15 ml of ethyl 
acetate, and then adjusted to a pH of 1.5 by addition of 2N hydrochloric acid with ice- 

10 cooling. Subsequently, insolubles were separated by filtration, and the ethyl acetate 10 
layer was separated off, successively washed with water and a saturated sodium chloride 
solution, dried over magnesium sulfate, and then freed from the solvent by distillation 
under reduced pressure to obtain 0.58 g of pale yellow crystals of 7 - [D(— )- 
<x - (4 - methyl - 2,3 - dioxo - 1 - piperaanocarbonylaminojphenylacetarnido] - 3 - [2- 

15 (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic acid, 15 
m.p. 160°C (decomp.), yield 91%. 

IR (KBr) cm- 1 : v 0=o 1780 (lactam), 1650—1720 (— CON<, — COOH) 
NMR (d 0 -DMSO) r values: 0.2 (1H, d), 0.6 (1H, d), 2.60 (5H, s), 435 
(1H, q), 4.40 (1H, d), 5.0 (1H, d), 570 (2H, q), 6.10 (2H, bs), 
20 6.25—6.55 (2H, 2H, bs), 7.0 (3H, s), 7.30 (3H, s) 20 

The above-mentioned operation was repeated, except that the D( — )-^-(4-methvl- 
2,3-dioxo-l-pipera2anocarbonylamino)phenylacetic acid was replaced by each of the 
compounds of formula (V) shown in Table 24, to obtain respective objective com- 
pounds as shown in Table 24. The structure of each objective compound was confirmed ls 
25 bylRandNMR. 
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Example 31. 

Using 0.30 g of D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetic acid and 0.34 g of 7 - amino - 3 - [5 - (0,4 - thiadiazolyl)- 
thiomethyl] - A 3 - cephem - 4 - carboxylic add, the same operation as in Example 
5 29 was repeated, to obtain 0.47 g of 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo- 1- 5 
piperazinocarbonylamino) phenylacetamido ] - 3 - [5 - (1,3,4 - thiadiazolyl) - thio- 
methyl] - A 3 - cephem - 4 - carboxylic acid, m.p. 158— 159°C (decomp.), yield 
71.5%. 

IR (nujol) cm- 1 : v 0ea0 1775 (lactam), 1720—1660 (— CON<, — COOH) 

10 The above-mentioned operation was repeated, except that the D( - ) - «- 10 

(4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)pheny2acetic acid was 
replaced by D(— ) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetic acid, to obtain 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piper- • 
azino<^rbonyIamino)phenylacetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl]- 

15 A a - cephem - 4 - carboxylic acid, m.p. 123°C (decomp.), yield 64.5%. 15 

Example 32. 

Using 0.31 g of D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amimriphenylacetic acid and 0.39 g of 7 - amino - 3 - [2 - (1 - methyl - 1,3,4- 
triazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic acid, the same operation as in 
20 Example 29 was repeated, except that the methanol was replaced by anhydrous methyl- 20 
ene chloride, to obtain 0.43 g of 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1- 
piperazinocarbonylamino)phenylacetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl)- 
thiomethyl] - A 3 - cephem - 4 - carboxylic acid, yield 70%. 

IR (Nujol) cm- 1 : v c=0 1780 (lactam), 1720—1650 (-CON<, —COOH) 

25 

25 The above-mentioned operation was repeated, except that the D( — )ia-(4-methyl- 

2,3-dioxo-l-piperazinocarbonylamino)phenylacetic acid was replaced by each of the 
compounds of formula (V) shown in Table 26, to obtain respective objective com- 
pounds as shown in Table 26. The structure of each objective compound was confirmed 
by IR and NMR. 
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Example 35. 

(1) To a suspension of 0.9 g of D(— )-or-alanine in IS ml of water was added 
2.05 g of triethylamine to dissolve D( - )-<x-alanine in water, and the resulting solution 
was cooled to 0°C To the solution was added 2.3 g of 4-methyl-2,3-dioxo-l-piperazino- 
5 carbonyl chloride over 15 minutes, after which reaction was effected for 30 minutes 5 
with ice-cooling. Dilute hydrochloric acid was then added to the reaction product to 
adjust the pH thereof to 2.0. The water was removed by distillation under reduced 
pressure, and 30 ml of acetone was added to the residue, after which insolubles were 
filtered off. To the resulting acetone solution was added 10 ml of an acetone solution 
10 of 1.6 g of a sodium salt of 2-ethylhexanoic acid, and the deposited crystals were col- 10 
lected by filtration, and dried to obtain 2.1 g of a sodium salt of D( - )K»-(4-methyl- 
2^3^oxo-l-pipera^ocarbcmylamino)propionic acid having a melting point of 115— 
8°C (decomp), yield 78.5%. 

IR (KBr) cm- 1 : v c=0 1700, 1680, 1600 (-<X>N<, —000©) 

15 (2) In the same manner as in Example 32, 7 - [D(-) - a - (4 - methyl- 15 

2,3 - dioxo - 1 - piperazinocarbonylamino) propionamido] - 3 - acetoxymethyl - A 3 - 
cephem - 4 - carboxyiic acid was obtained from a sodium salt of D(- ) - a - (4- 
methyl - 23 - dioxo - 1 - piperazinocarbonylamino) propionic acid and 7 - amino - 3- 
acetoxymethyl - A 3 - cephem - 4 - carboxyiic acid The thus obtained product was 

20 dissolved in 20 ml of acetone, and a solution of 0.65 g of a sodium salt of 2-ethylhexa- 20 
noic add in 5 ml of acetone was added to the resulting solution. The deposited crystals 
were collected by filtration and dried to obtain 12 g of sodium salt of 7 - [D(— ) 
(4 - methyl - 2,3 - dioxo - piperazmocarbonylammo)propionamido] - 3 - acetoxy- 
methyl - A 3 - cephem - 4 - carboxyiic acid having a melting point of 195°C 

25 (decomp.), yield 67.7%. 25 

IR (KBr) cm" 1 : 1780 (lactam), 1710—1660 (— CON< ), 1600 ( — COO®) , 

Example 36. 

In the same manner as in Example 32, 7 - [D(-- ) - a - (4 - methyl - 2,3- 
dioxo - 1 - piperazinocarbonylamino) - p - hy droxyphenylacetamido ] - 3 - [5 - (1- 
30 methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 5 - cephem - 4 - carboxyiic acid was 30 
obtained from 7 - amino - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - 
A 8 - cephem - 4 - carboxyiic acid and D( - ) - a - (4 - methyl - 2,3 - dioxo - 1- 
piperazniocarbonylamino) - p - hydroxyphenylacetic acid. 
Melting point (decomp.), 147— 9°C; yield, 62.0%. 

35 IR (KBr) cm" 1 : 1765 (lactam), 1720—1660 (— CON<, — COOH) 35 

Example 37. 

In the same manner as in Example 29, 7 - [D( - ) - a - (4 - methyl - 23- 

4 _• . • 4 1 • \ __ * 1 * ? J _ 1 ^ ' J *A I A B < - - ■ 




40 piperazinocarbonylamino )phenylacetic acid and 7 - amino - 3 - azidomethyl - A 8 - 40 
cephem - 4 - carboxyiic acid. 

Melting point (decomp.), 185— 8°C; yield, 68.0%. 

IR (KBr) cm" 1 : v c=0 1775 (lactam), 1720—1660 (— CON<, — COOH) 
vN 8 2090 

45 Example 38. 45 

In 10 ml of a phosphoric acid buffer solution of a pH of 6.3 was suspended 0.57 g 
of 7 - [D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxyiic acid, and 0.07 g of 
sodium hydrogencarbonate was dissolved therein. To the solution was then added 0.12 g 

50 of l-methyl-5-mercapto-l,2,3,4-tetrazole to dissolve the latter in the former, and the 50 
solution was subjected to reaction for 24 hours while maintaining the pH of the solution 
at 6.5 — 6.7 by using dilute hydrochloric acid and sodium hydrogencarbonate. After the 
reaction, the reaction liquid was cooled, and then adjusted to a pH of 5.0 by adding 
dilute hydrochloric acid. The reaction liquid was sufficiently washed with ethyl acetate, 

cc after which the aqueous layer was separated off and then adjusted to a pH of 1.5 by 55 
adding dilute hydrochloric acid thereto. The deposited crystals were collected by filtra- 
tion and dried, after which the dried crystals were washed with ethyl acetate to obtain 
0.40 g of 7 - [D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
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phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl)thiomethyl] - A 8 - 
cephem - 4 - carboxylic acid, m.p. 163— 165°C (decomp.), yield 743%. 

IR (KBr) cm- 1 : 1775 (lactam), 1720—1660 (— CON<, — COOH) 
NMR (d 6 -DMSO) t values: 0.18 (1H, d), 0.55 (1H, d), 2.64 (5H, s), 4.3 
5 (1H, q), 4.4 (1H, d), 5.0 (1H, d), 5.75 (2H, s), 6.05 (5H, s), 6.3- 5 

6.8 <6H), 8.92 (3H, t) 

In the same maimer as above, the objective compounds shown in Table 29 were 
obtained from 7 - [D( - ) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl)- 
phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid or 7- 
10 [D(»- ) - a - (4 - ethyl - 2,3 - dioxo - 1 - pipera2anocarbonylamino)pheaylacetamido] - 10 
3 - acetoxymethyl - A - cephem - 4 - carboxylic acid and the compounds of formula 
(VII) shown in Table 29. All the objective compounds were D( - ) isomers, and the 
structure of each objective compound was confirmed by IR and NMR. 
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In the same manner as above, a thiocyanic acid salt of 7 - PC-) -«~ ( 4 ~ 
methyl - 2,3 - dioxo - 1 - piperazinocaibonylamino)phenylacetanudo] - 3 - PY™ 111 ?- 
methyl - A 3 - cephem - 4 - carboxylic acid betaine was obtained from 7 - [DC - )- 
a - (4 - methyl - 2,3 - dioxo - 1 - piperazmoc^bonylamino)pheiiylacetamidol - 3- 
acetoxymethyl - A a - cephem - 4 - carboxylic acid and pyridine, said product having 
the formula, 



0 J? 

y ^ s 

CH 3 -N N-CONHCHCONH-t f 



IHCHCONH-i f \ 0 

\/ COOH SCN© 



Melting point (decomp.), 180— 185°Ci yield, 82.0%. 

In a conventional manner, the above two products were treated with an ion 
exchange rSi to obtain the 'desired 7 - [D( -) - « - (4 mM - 2,3 Joxo - 1- 
pil»ra^ocarbonylainino)phenylacetamido] - 3 - pyndinomethyl - A - cephem - 4- 
S&oxylic acid betaine 'and 7 - [D(-) - «-<4 - me*yl - 2,3 dioxo- 1 - piper- 
azinocarbonylamino)phenylacetamidol - 3 - pyndmomethyl - A - cephem - 4 - car- 
boxylic acid betaine. . - 

Example 40. , . _ 

In 85 ml of anhydrous methanol was dissolved 1.5 g of a sodium salt of 7- 
[D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenyl^tamido]- 
3 - \2 - (pyridyl - 1 - oxide)thiomethyl] - A' - cephem - 4 - carboxylic acid. To the 
resulting wlution was added 0.65 g of anhydrous cupric chloride, and die resulting 
mixture was stirred at room temperature for 15 minutes and then subjected to ration 
at 50°C for 14 hours. After the reaction, hydrogen sulfide gas was passed through the 
reaction solution with ice-cooling for 20 minutes. The resulting msolubles were filtered 
off, and the filtrate was concentrated under reduced pressure. To die residue was added 
20 ml of a 5% aqueous sodium hydrogencarbonate solution, aid the msolubles were 
filtered off, after which dilute hydrochloric acid was added to the filtrate to adjust the 
P H to 6.5. The filtrate was then washed with 10-ml portions of ethyl acetate Jhree times, 
after which the aqueous layer was separated off and then adjusted to a pH of 1-8 by 
adding dilute hydrochloric acid thereto. The thus deposited crysteb were collated by 
filtration and then dried under reduced pressure and washed with 20 ml of an ethyl 
acetate-chloroform mixed solvent (1:1 by volume) to obtam 0.40 g ; of '7- 
[D( - ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperamocarbonylammo)phenylaa 
3 - methoxymethyl - A* - cephem - 4 - carboxyhc acid, m.p. 162—6 C (decomp.), 
yield 30.5%. 

IB. (KBr) cm" 1 : v c=< , 1770 (lactam), 1700 (-COOH), ! 1666 (-CONO 
NMR(d,-DMSO) r values: 0.13 (1H, d), 0.53 (1H, d}, 2.61 (5H, s), 4.31 

(1H, q), 4.41 (1H, d), 4.96 (1H, d), 5.82 (2H, s), 6.10 (2H, bs), 6.33 

(2H, 2% 2H S bs), 6.79 (3H, s), 8.89 (3H, t) 

The word ' Nujol ' used herein is a Registered Trade Mark. 

WHAT WE CLAIM IS:— 

1. A compound represented by the general formula (l), 



« 



-R-CONH-, f N 



(I) 



wherein R represents an amino acid residue; R 1 represents a hydrogen atom, an ester- 
forming group capable of being removed by catalytic reduction, chemical reduction or 
hydrolysis under mild conditions, an ester-forming group capable of being easily removed 
by mammalian enzymic action, a silicon-phosphorus- or tin-containing group which is 
capable of being easily removed by treatment with H*0 or an alcohol, or a conven- 
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tional salt-forming cation; n represents 1 or 2; nX's, which may be the same or dif- 
ferent; represent individually an oxygen or sulfur atom, and are linked in any combina- 
tion at the 2-, 3- and 5- positions of the piperazine ring; m represents 4-n; each pair 
of R 2 and R 3 in linked to the same carbon atom, and m pairs of R 2 and R 3 , which may 
5 be the same or different, represent individually a hydrogen atom, a halogen atom, a 5 
carboxyl group or an unsubstituted or substituted alkyl, cycloalkyi, aryl, acyl, araliyl, 
alkoxycarbonylalkyl, acyloxyalkyl, alkoxy, alkoxycarbonyl, cyctoalkyloxycarbonyl, 
aralkoxycarbonyl, aryloxycarbonyl, amino or carbamoyl group, any pair of R 2 and R 1 
together with a common carbon atom may form a cycloalkyi ring; A represents a 

10 hydrogen atom, a hydroxy group, a nitro group, a cyano group, or an unsubstituted or 10 
substituted alkyl, alkenyl, alkynyl, alkadienyl, cycloalkyi, cycloalkenyl, cycloalkadienyl, 
aryl, acyl, aralkyl, acyloxyalkyl, alkoxy, cycloalkyloxy, aryloxy, alkoxycarbonyl, cyclo- 
alkyloxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, cycloalkylsulfonyl, 
arylsulfonyl, carbamoyl, thiocarbamoyl, acylcarbamoyl, acylthiocarbamoyl, alkylsulfonyl- 

15 carbamoyl, arylsulfonylcarbamoyi, alkylsulfonylthiocarbamoyl, arylsulfonylthiocarb- 15 
amoyl, sulfamoyl, alkoxycarbonylthioalkyl, alkoxythiocarbonylthioalkyl, amino or hetero- 
cyclic group; Y represents an oxygen or sulfur atom, and 



25 



represents 
/ / \ 



CH, X CH 2 



or 



CHa 



25 



where R* represents a hydrogen atom, a hydroxy group, a cyano group, an azido group, 
20 a quaternary ammonium group, or an unsubstituted or substituted alkoxy, aryloxy, 20 
aralkoxy, acyloxy, carbamoyloxy, guanidino, amino, alkylthio, arylthio, aralkylthio, 
acylthio, thiocarbamoylthio, alkosythiocarbonylmio, aiyloxythiocarbonyhhio, cycloalkyl- 
oxytluocarbonylthio, amidinothio or heterocycfylthio group. 

2. A compound according to claim 1, wherein R is a group represented by the 
formula, 

R 4 

i 

wherein R 5 represents a substituted or unsubstituted alkyl, cycloalkyi, cycloalkenyl 
cycloalkadienyl, aryl, aralkyl, aryloxy, alkylthioalkyl, or heterocyclic group; and R 8 
represents a hydrogen atom; or R* and R° together with a common carbon atom may 
30 form a cycloalkyi, cycloalkenyl or cycloalkadienyl ring. 30 

3. A compound according to any one of claims 1 and 2, wherein 

CHa 

> * V . 

4. A compound according to any one of claims 1 and 2, wherein 

is Ci-CHiR*, 

/ // 

35 where R* is as defined in claim 1. 

5. A compound represented by the general formula (la), 
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A -N / C-CO-NH-CH- CONH -r r" 5 \ 

wherein R 1 , R a , R s , A and 

\ 

/ 

are as defined in Claim 1 and R 5 is as defined in Claim 2. 

6. A compound represented by the general formula (lb), 

o- 

A-if^N-CO-NW-CH-CONH -j— < S \ 

wherein RS R 8 , R s > A and 

\ 

/ 

arc as defined in Claim 1 and R 3 is as defined in Claim 2: 

7. A compound represented by the general formula (Ic), 



j # s 

A-N N-C0-NH-CH-C0NH -i— f \ 



wherein R 1 , R a » R% A and 

Z 

/ 

are as defined in Claim 1 and R A is as defined in Claim 2. 
8. A compound represented by the general formula (Id), 

A-N - CO-NH-CH- CONH-j f S \ 

wherein R l , R a , R 3 , A and 



\ 

/ 

are as defined in Claim 1 and R* is as defined in Claim 2. 
9. A compound represented by the general formula (le), 

0 J 3 

A-N N -CO-NH-CH-CONH -| f S 
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wherein R 1 , R 3 , R a , A and 

\ 

/ 

are as defined in Claim 1 and R* is as defined in Claim 2. 

10. A compound according to Claim 9, wherein A is a hydrogen atom, or a substi- 

5 tuted or unsubstituted alkyl, alkenyl, aryl or aralkyl group;*and R 2 and R a are indi- 5 
vidually a hydrogen atom or an alkyl group. 

11. A compound according to Claim 5, wherein 

^CH, 

Z is C 

12. A compound according to Claim 6, wherein 

CH, 

2 is "C . 10 



10 . . \ V/ 



20 



13. A compound according to Claim 7, wherein 

\ ^ v . 
/ / \ 

CH, 

14. A compound according to Claim 8, wherein 

CH, 

S z u V . 

15 15. A compound according to Claim 9, wherein 

x CH, 
Z is v x 

' / \ 

CH, 

16. A compound according to Claim 9, wherein 



i-CHJfc' 



15 



Z is 

/ 

in which R* is as defined above. 

17. A compound according to Claim 1, wherein R 1 is a hydrogen atom. 

18. A compound according to Claim 1, wherein R 1 is selected from ester-forming 
groups capable of being removed by catalytic reduction, chemical reduction or hydro- 
lysis under mild conditions and ester-forming groups capable of being easily removed 
owing to enzymes in a living body. 

25 19. A compound selected from 



20 



25 
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6 - [D(- ) - a - (4 - acetyl -2-oxo-l - piperazmocarbonylammo)phenylacet- 
amido]penicillanic acid, ^_ . . x 

6 - [D(-) - a - (4 - dichloroacetyl - 2 - oxo - 1 - piperazmocarbonylanuno)- 

phenylacetamido] penidllanic acid, . . _ ' t 

6 - [D(— ) - a - (4 - enanthoyl - 2 - oxo - 1 - pipera2inocarbonylanuno)phenyl- 

acetamido] penicillanic add, 

6 - [D(— ) - « - (4 - cyclohexanecarbonyl - 2 - oxo - 1 - piperazmocarbonyl- 

amino)phenylacetamido] penicillanic acid, . 

6 . - [D( - ) - a - (4 - acetyl - 3 - methyl - 2 - oxo - 1 - piperazinocarbonylanuno ) - 
phenylacetamido] penicillanic acid, . 

6 - [D(-) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocaibonylammo)- 
phenylacetamido] penicillanic add, . 

6 - [D(-) - a - (4 - n - hexyl - 2 - oxo - 1 - pipera2inocarbonylamino)phenyl- 

acetamido] penicillanic acid, . 

6 - [D( - ) - « - (4 - n - butyl - 2 - oxo - 1 - piperazmocarbonylamino)phenyl- 
acetamido]penicillanic acid, . , , 

6 - [D(-) - u - (4 - n - butyl - 6 - methyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] penicillanic add, . 

6 - [D(— ) - a - (4 - n - octyl - 2 - oxo - 1 - piperazmocarbonylamino) phenyl- 
acetamido] penidllanic add, ...in 

6 - [D ( - ) - a - (4 - pivaloyloxymethyl - 2 - oxo - 1 - piperazinocarbonylamino ) - 

phenylacetamido] penicillanic add, . . 

6 - [D( — ) - a - (4 - palmitoyl - 2 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic acid, , . 

6 - [D( — ) - o - (4 - capryloyl - 2 - oxo - 1 - piperaanocarbonylammo) phenyl- 
acetamido] penidllanic add, . , 

6 - [D( - ) - a - (4 - caproyl - 2 - oxo - 1 - piperazmocarbonylanuno) phenyl- 
acetamido] penicillanic add, . . 

6- [D( — ) -a- (4- chloroacetyl -2-oxo-l- piperazuiocarbony lamino ) phenyl- 
acetamido] penicillanic add, . 

6 - [D( - ) - a - (4 - benzoyl - 2 - oxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] penicillanic add, _ . _ 

6 - [D( - ) - a - (4 - p - chlorobenzoyl - 2 - oxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] penicillanic add, 

6 - [D( - ) - <* - (4 - p - methoxybenzoyl -2-oxo-l - piperazinocaibonyl- 
amino)phenylacetamido] penicillanic add, ... 

6 - {D(-) - a - [4 - (3,4,5 - trimethoxybenzoyl) - 2 - oxo - 1 - piperazino- 
carbonylamino] phenylacetamido}penicillanic add, 

6 - {D( - ) - a - [4 - (2,4 - dichlorobenzoyl) - 2 - oxo - 1 - piperazinocarbonyi- 
ammo]phenylacetamido}penidllanic add, t , 1 

6 - [D( — ) - a - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
amino ) phenylacetamido ] penidllanic add, . , . 

6 - [D( - ) - a - (4 - phenylaminocarbanyl - 2 - oxo - 1 - piperazinocarbonyi- 
amino)phenylacetamido] penicillanic add, and . 

6 - [D(-) - « - (4 - ethoxycarbonyl - 2 - oxo - 1 - piperazinocarbonylamino )- 
phenylacetamido] penidllanic acid. 

20. A compound selected from , ... , 

6 - [D( - ) - a - (4 - methyl - o 3 - oxo - 1 - piperazmocarbonylammo )phenyl- 

acetamido] penicillanic add, . • . . 

6 . [D(-) - a - (4 - n - butyl - 3 - oxo - 1 - piperazmocarbonylammo) phenyl- 
acetamido] penicillanic add, . , . . , . ^ 

6 - [D( - ) - « - (4 - ethyl - 3 - oxo - 1 - piperazmocarbonylammo) phenylacet- 
amido] penicillanic acid, . .... . 

6 - [D(— ) - a - (4 - isopropyl - 3 - oxo - 1 - piperazmocarbonylammo ) phenyl- 
acetamido] penicillanic add, . , 

6 - [D( - ) - a - (4 - n - pentyl - 3 - oxo - 1 - piperazinocarbonylamino)pnenyl- 

acetamido] penidllanic add, . t . . 

6 _ [D( — ) - a- (4-iso- pentyl - 3 - oxo - 1 - piperazmocarbonylammo )phenyl- 

acetamido] penicillanic add, . 

6 - [D( - ) - a - (2 - methyl - 4 - n - butyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino ) phenylacetamido] penicillanic add, . 

6 . [D(-) - a - (4 - n - butyl - 5 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] penicillanic add, 

6 - [D( - ) - « - (4 - n - butyl - 6 - methyl - 3 - oxo - 1 - piperazmocarbonyl- 
ammo) phenylacetamido] penicillanic add, 
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[ D C~) - « - (4 - benzyl - 3 - oxo - 1 - piperazinocarbonylamino) phenylacet- 
amido J pemculanic acid, 

« i - [D( - ) ~ a - (4 - fi - bydroxyethyl - 3 - oxo - 1 - piperazmocaibonylamino)- 
phenylacetamido] penidllanic acid, 
5 6 - [D(— ) - a - (4 - acetyl - 2 - methyl - 3 - oxo - 1 - piperazmocarbonylamino ) - 5 

phenylacetamido]penicillanic acid, 

6 - ) - a - (4 - carbamoyl - 2 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 
ainmo)phenylacetamido]pemcillamc acid, 

6 - [D(— ) - a - (3 - oxo - 1 - piperazinocarbonylamino ) pheny lacetamido] peni- 
10 cillanic acid, 10 
6 - [D( - ) - (2,5 - dimethyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido]penicillanic acid, 

6 - [D(— ) - a - (5 - methyl - 3 - oxo - 1 - piperazmocarbonylaniino)phenyl- 
acetamidojpenicillanic acid, 
15 6 - [D(— ) - a - (2 - ethoxycarbonylmethyl - 3 - oxo - 1 - piperazinocarbonyl- 15 

amino)phenylacetamido]penicillanic acid, 

6 - [D(— ) - « - (2 - methyl - 3 - oxo - 1 - piperazmocarbonylaniino) phenylacet- 
amido] pemeillanic acid, 

6 - [D(— ) - a - (4 - ethyl - 3 - oxo - 1 - piperazmocarbonylamino)propion- 
20 amido]penicillanic acid, 20 
6 - [D( — ) - a - (4 - allyl - 3 - oxo - 1 - piperazinocarbonylamino )phenylacet- 
amido]penicillanic acid, 

6 - [D( - )- a-(4-«r - methylallyl - 3 - oxo - 1 - piperazinocarbonylamino) - 
. phenylacetamido] penicillanic acid, 

'25 6 - [D(— ) - a - (4 - fi - methylallyl - 3 - oxo - 1 - pirwazmocarbonylamino)- 25 

phenylacetamido] penicillanic acid, 

6 - {D( - ) - a - [4 - (trans - 2 - butenyl) - 3 - oxo - 1 - piperazinocarbonyl- 
amino] phenylacetamidojpenicillanic acid, 

6 - [D( — ) - a - (4 - n - hexyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
30 acetamido]pemcillanic acid. " 30 

6 - [D(— ) - * - (4 - n - hepryl - 3 - oxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] penicillanic acid, 

6 - [D( _)-a-(4-n - octyl - 3 - oxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] penicillanic add, 
35 6 - [D( — ) - <r - (4 - n - dodecyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 35 

acetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - cyclopentyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penicillanic acid, 

6 - (D( - ) - tot - (4 - phenylaminocarbonyl - 3 - oxo - 1 - piperazinocarbonyl- 
40 amino) phenylacetamido] penicillanic add, 40 

6 - [D(— ) - a - (2 - phenyl - 3 - oxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penicillanic acid, and 

6 - [D( - ) - a - (4 - morpholinomethyl - 3 - oxo - 1 - piperazmocarbonylamino)- 
phenylacetamido] penicillanic add. 
45 21. A compound selected from 45 

6 - [D( - ) - a - (4 - acetyl - 2^5 - dioxo - 1 - piperazmocarbonylamino)phenyl- 
acetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - benzoyl - 2^> - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] penicillanic add, 
50 6 - [D( — ) - a - (4 - methyl - 2,5 - dioxo - 1 - piperazinocarbonylamino) phenyl- 50 

acetamido] penidllanic add, and 

6 - [D( — ) - a - (4 - benzyl - 2,5 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penicillanic add. 

22. A compound selected from 
.55 6 - [D(-) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 55 

acetaniido] penicillanic add, 

6 - .[D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] penidllanic add, 

6 - [D( - ) - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)- 
60 phenylacetamido] penicillanic add, 60 

6 - [D( — ) - « - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] penidllanic add, 

6 - [D( - ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] penicillanic acid, 
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6 - £D(—) - a - (4 - acetoxyethyl - 2,3 - dioxo - 1 - piperaanocaibonylamino 
phenylacetamido] penidllanic acid, 

6 - [D(- ) - a - (4 - allyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)pheny! 
acetamidolpenidllanic acid, 
5 6 - [D( — ) - a •- (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl 

acetamido]peniciUanic acid, 

6 - {D(— ) - * - (4 - fi - chloroethyl - 23 - dioxo - 1 - piperazinocarbonylamino 
phenylacetai^do] penidllanic acid, 

6 - [D{ — ) - a - (6 - methyl - 4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl 
10 amino)phenylacetamido] penidllanic acid, 

6 - {D(— ) - a - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino 
phenylacetamido] peniciUanic acid, 

6 - [D(— ) - a - (4 - n - pentyl - 2,3 - dioxo - 1 - piperazinocarbonylamino 
phenylacetamido]penicillanic acid, 
15 6 - [D(— ) - a - (4 - n - hexyl - 2,3 - dioxo - 1 - piperazinocarbonylammo 

phcnylacetamido] penicillanic acid, 

6 - [D(— ) - a - (4 - n - heptyl - 2,3 - dioxo - 1 - piperazinocarbonylamino 
phenylacetamido] penicillanic acid, 

6 - [D(-) - n - (4 - n - octyl - 2,3 - dioxo - 1 - piperazinocarbonylamino 
20 phenylacetamido] penicillanic acid, 

6 - [D(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinothiocarbonylammo 
phenylacetamido] penicillanic acid, ... 

6 - [D( — ) - a - (4 - methyl - 23 - dioxo - 1 - piperazinocarbonylamino ) - p- 
hydroxyphenylacetamido] penicillanic acid, 
25 6 - [D(— ) - « - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - p- 25 

hydroxyphenylacetamido] penicillanic acid, 

6 . [D(— ) - a - (4 - methyl - 23 - dioxo - 1 - piperazinocarbonylamino) - 1,4- 
cyclohexadlenylacetamido] penicillanic acid, 

6 - [D(-) - a - (4 - ethyl - 23 - dioxo - 1 - piperazinocarbonylamino) - 1,4- 
30 cyclohexadienykcetamidojpenicillariic acid, _ 30 

6 - [D( — ) - « - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )- 
1,4 rcydohexadienylacetamido] penicillanic acid, 

6 - [D( — ) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 1,4- 
cydohexadienykcetamido] penicillanic acid, 
35 6 - [DL - a - (4 - methyl - 23 - dioxo - 1 - piperazinocarbonylamino) - 2- 35 

thienylacetamido] penidllanic acid, . 

6 - [DL - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 2 - thienyl- 
acetamido] penicillanic acid, 

6 - [DL - a - (4 - n - propyl - 2,3 - dioxo - 1 - piperadinocarbonylamino) - 2- 
40 thienylacetamido] penicillanic acid, and . 40 

6 - [DL - u - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)'- 2- 
thienylacetamido] penicillanic acid. 

23. A compound selected from 

6 - [D(— ) - a - (2,2 - pentamethylene - 33 - dioxo - 1 - piperazinocarbonyl- 
45 amino)phenylacetamido] penicillanic add, 45 
6 - [D( — ) - a - (3,5 - dioxo - 1 - piperazinocarbonylamino) phenylacetamido] - 
penicillanic acid, 

6 - [D(-) - a - (2 - methyl - 2 - phenyl - 33 - dioxo - 1 - piperazinocarbonyl- 
amino )phenylacetamido] penidllanic add, 
50 6 - [D( — ) - a- (4 -benzyl - 2,2 - pentamethylene - 3,5 - dioxo - 1 -piperazmo- 50 

carbonylamino) phenylacetamido] penidllanic acid, 

6 - [D(-) - a - (4 - - trichtoroethoxycarbonyl - %Z - pentamethylene- 
33 - dioxo - 1 - piperazinocarbonylamino )phenylacetamido] penidllanic add, and 

6 - [D(-) - a - (4 - benzyl - 2 - methyl - 2 - phenyl - 33 - dioxo - 1 - piper- 

55 azinocarbonylamino)phenylacetamido] penidllanic add. 55 

24. A compound selected from m f 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenyl- 
acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, 

7 - [D(-) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
60 acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, . ^ 60 

7 - [D( — ) - a - (4 - n - propyl - 23 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, . 

7 - [D( - ) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, # 
65 7 _ [D( — ) - a - (4 - n - pentyl - 23 - dioxo - 1 - piperazinocarbonylamino ) - 65 



5 

10 
15 
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phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic add, 

7 - [D(— ) - a - (4 - n - hexyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - n - heptyl - 23 - dioxo - 1 - piperazinocarbonylamino)- 
5 phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 5 

7 - [D(— ) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 , [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 
10 7 - [D(— ) - tt - (4 - n - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 10 

phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(-) - a -(4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbcmylamino)phenyl- 
acetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazinocaibonylamino)- 
15 phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 15 

7 - [D(— ) - a - <4 - ethyl - 2,3 - dioxo - 1 - piperazinothiocarbonylamino)* 
phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D{ — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinothiocarbonylamino)^ 
phenylacetamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 
20 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 20 

acetamido] - 3 - [2 - (5 - methyl - 13,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarboi^lammo)phaiyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
*25 4 - carboxylic acid, -25 

7 - [D(— ) - a > (4 - s - propyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) - 
phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A°- 
cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
30 phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - 30 
cephem - 4 - carboxylic acid, 

7 - {D( — ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyI- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
4 -carboxylic acid, 

35 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 35 

acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 6 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - 
40 A 3 - cephem - 4 - carboxylic acid, * 40 

7 - [D(-) - « - (4,6 - dimethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - 
cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
45 acetamido] - 3 - [5 - <1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem- 45 
4 - carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 23 - dioxo - 1 - piperazinocarbonylamino )phenyl- 
acetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

50 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 50 

acetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyI- 
acetamldo j - 3 - [2 (1 - methyl - 1,3,4 - triazolyl) - thiomethyl] - A 3 - cephem - 4- 
s 55 carboxylic acid, * 55 

7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl) - thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 - [D(— ) - a - (A - phenyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
60 acetamido] - 3- [2 - (1 - methyl - 1,3,4 - triazolyl) - thiomethyl} - A 3 - cephem - 4- 60 
carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino )pro- 
pionamido] - 3 - acetoxymethyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 23 - dioxo - 1 - piperazinocarbonylamino) - p- . 
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hydioxyphenylflcetamido] - 3 - [5 - (1 - methyl - 1A3,4 - tetrazolyl) - tfriomethyl]- 
4 -carboxylic acid, . 
7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino) phenyl- 
acetamido] - 3 - azidomethyl -A*- cephem - 4 - carboxylic acid, £ 
5 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenyl- 

acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem- 
4 - carboxylic ari<£ ^ . * . . . x . . 

7 . [DC— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyianuno)phenyl- 
acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem- iQ 
10 4 -carboxylic acid, , . . , . 

7 - [D(— ) - « - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) pheny L- 
acetamido] - 3 - [2 - (1,3,4 • triazolyl) - thiomethyl] - A 8 - cephem - 4 - carboxylic 

acid, . N , 

7 - [D(-) - a - (4 - methyl - 23 - dioxo - 1 - piperazmocarbonylammo)phenyl- 
15 acetamido] - 3 - [5 - (1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic ™ 

aC "**7 . [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperaarinocarbonylamino)phenyl- 
acetamido] - 3 - [5 - (1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, , jo 

20 7 - [DC — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 

acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - oxadiazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid, 

7 - [D( — ) - a - (4 - methyl -2,3 - dioxo - 1 - piperazinocarbonylamino )phenyi- 
acetamido] - 3 - [3 - (2,6 - dimethyl - 5 - oxo - 2^ - dihydro - 1A4 - triazinyl)- 
25 thiomethyl - A 3 - cephem - 4 - carboxylic acid, . 

7 - m( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
acetamido] - 3 - [2 - (4 - methyloxazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
acid, 

' 7 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 
30 acetamido] - 3 - [2 - (4 - methylthiazolyl) - thiomethyl] - A 3 - cephem - 4 - car- 
boxylic acW, ^ _ ^yi - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 
acetamido] - 3 - [2 - (pyridyl - 1 - oxide) - thiomethyl] - A 3 - cephem - 4 - carboxylic 

35 7- [D(-) (4- methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)phenyl- 

acetamido] - 3 - (2 - thiazolinylthiomethyl) - A 3 - cephem - 4 - carboxylic acid, 

7 - [D( - ) - a - (4 - methyl - 2,3 - dioxo - I - piperazinocarbonylamino)pheiiyl- 
acetamido] - 3 - [2 - (1 - methylimidazolyl)thiomethyl] - A 3 - cephem - 4 - carboxylic 

40 7 - [D( - ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino)phenyl- 40 

acetamido] - 3 - (2 - pyrimidinylthiomethyl) - A 3 - cephem - 4 - carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonylammo)phenyl- 
acetamido] - 3 - [3 - (6 - methylpyridazinyl) - thiomethyl] - A 3 - cephem - 4 - car- 
boxylic acid, # . . c 
45 7 - [D( — ) - * - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) phenyl- 45 
acetamido] - 3 - [1 - (4 - methylpiperazino) - thiocarbonylthiomethyl] - A 3 - cephem- 
4 - carboxylic acid, . , . _ _ . 

7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylammo )phenyl- 
acetamido] - 3 - [5 - (3 - methylisoxazolyl) - carbonylthiomethyl] - A 3 - cephem - 4- 
50 carboxylic acid, , . . . _ 3U 

7 - [DC-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino ) pheny 1- 
acetamido] - 3 - ethoxythiocarbonylthiomethyl - A fl - cephem - 4 - carboxylic acid, 

7 - [DC— ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylammo) pheny 1- 
acetamido] - 3 - pyridinomethyl - A 3 - cephem - 4 - carboxylic acid betaine, and 
55 7 . [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylammo) phenyl- 55 

acetamido] - 3 - pyridinomethyl - A 3 - cephem - 4 - carboxylic acid betaine. 
25. A compound selected from . 
7 _ [£>(—) . a . (4 . ethoxycarbonyl - 2 - oxo - 1 - piperazmocarbonylammo ) - 
phenylacetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 
60 7 - [D(-) -« - (4 - n - hexyl- 3 - oxo - 1 - piperazmocarbonylammo) phenyl- t>u 

acetamido] - 3 - methyl - A 3 - cephem - 4 - carboxylic acid, 

7 - [Df — ) - <r - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylammo)phenylacet- 
amido] - 3 - [2 - (5 - methyl - 1,3,4- thiadiazolyl) - thiomethyl] - A 2 - cephem - 4- 
carboxylic acid, , , . v £c 

65 7 - [D(-) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazmocarbonylanuno)- 65 



25 



30 



35 
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phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A°- 
cephem - 4 - carboxylic acid, 

7 - [D( — ) - a - (4 - methyl - 2 - oa> - 1 - piperazinocarbonylamino)phenyl- 
- acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 8 - cephem- 
5 4 - carboxylic add, 5 
7 - [D( — ) - a - (4 - ethyl - 2 - oxo - 1 - piperazinocaibonylamino)phenylacet- 
* amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 

carboxylic acid, 

7 - [D(— ) - a - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
10 amino)phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl]- io 
A 8 - cephem - 4 - carboxylic acid, 

7 - (D(— ) - a - (4 - methyl - 3 - oxo - 1 - piperazinocarbony lamino) phenylacet- 
amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic acid, 

15 7 - [D(— ) - a - (4 - ethyl - 3 - oxo - 1 - pipexazinocaibonylammo)phenylacet- 15 

amido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 - [D(— ) - a - (3,5 - dioxo - 1 - piperazinocarbonylammo)pheitylacetamido]- 
3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4 - carboxylic 
20 acid, 20 

7 - [D(— ) - a - (4 - acetyl - 2,5 - dioxo - 1 - piperazmocaibonylammo)phenyl- 
acetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem- 
4 -carboxylic acid, 

7 - [D(— ) - a - (4 - acetyl - 2 - oxo - 1 - piperazinocarbonylamino ) phenylacet- 
25 amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazotyl) - thiomethyl] - A 9 - cephem - 4- 25 
carboxylic acid, 

7 - [D(— ) - a - (4 - methanesulfonyl - 2 - oxo - 1 - piperazinocarbonylamino) - 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - 
cephem - 4 - carboxylic acid, 
30 7 - [D( — ) - a - (4 - methyl - 2 - oxo - 1 - piperazinocarbonylamino)phenylacet- 30 

amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem - 4- 
carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 2 - oxo - 1 - piperazinocarbonylamino) phenylacet- 
amido] - 3 - [5 - (1 - methyl- 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 
35 carboxylic add, 35 
7 - [D(— ) - a - (4 - acetylaminocarbonyl - 2 - oxo - 1 - piperazinocarbonyl- 
aminojphenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - 
A 3 - cephem - 4 - carboxylic acid, 

7 - [D (—)-« - (4- methyl - 3 - oxo - 1 - piperazinocarbonylamino )phenylacet- 
amido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 40 
carboxylic acid, 

7 - [D(— ) - a - (4 - ethyl - 3 - oxo - 1 - piperazinocarbonylamino)phenylacet- 
amido] - 3 - [5 - (1 - methyl- 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic add, 

45 7 - [D( — ) - a - (3,5 - dioxo - 1 - piperazinocarbony lamino)phenylacetamido] - 45 

3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem - 4 - carboxylic 
add, and 

7 - [D( — ) - « - (4 - acetyl - 2^ - dioxo - 1 - piperazinocarbonylamino)phenyl- 
' acetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 8 - cephem- 
50 4 - carboxylic add. 50 
26. A compound selected from 
pivaloyloxymethyl 6 - [D( — ) - a - (2 - methyl - 3 - oxo - 1 - piperazinocarbonyl- 
amino) phenylacetamido] penidllanate, 

phthalidyl 6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
cc amino) phenylacetamido] penidllanate, 55 
phthalidyl 6 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyl- 
amino )phenylacetamido] penidllanate, 

phthalidyl 6 - [D(— ) - a - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazinocar- 
bonylamino ) phenylacetamido ] penidllanate, 
60 phthalidyl 6 - [D( — ) - a - (4 - n - butyl - 23 - dioxo - 1 - piperazinocarbonyl- 60 

amino ) phenylacetamido] penidllanate, 

methoxymethyl 6 - [D (—)-«- (4 - methyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino ) phenylacetamido ] penicillanate, 

methoxymethyl 6 - [D( — ) - <t - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbonyi- 
55 amino) phenylacetamido] penidllanate, 65 
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methoxymethyl 6 - [D(-) - a - (4 - n - butyl - 2,3 - dioxo - 1 - piperaano- 
caibonylamino ) pheny lacetamido ) penicillanate, 

methoxymethyl 6 - [D( - ) - «* - (4 - iso - propyl - 2,3 - dioxo - 1 - piperazino- 
carbonylamino ) pheny lacetamido] penicillinate, 

methoxymethyl 6 - [D(-) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazino- 
caibonylammo)phenylacetamido]penicillanate, 

pivaloyloxymethyl 6 - [D(-).-.* - (4 - methyl - 2,3 - dioxo - 1 
carbonylanuno ) phenylacetamido] penicillanate, 

pivaloyloxymethyl 6 - [D(— ) - « - (4 - ethyl - 2,3 - dioxo - 1 
carbonylairdno)phenylacetamido] penicillanate, 

pivaloyloxymethyl 6 - [D(-) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazmo- 
carbonylamino)phenylacetamido]peni cill a n ate, 

fi - piperidiitoethyl 6 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 
carbonylamino) phenylacetamido ] penicillanate, 

p - piperidinoethyl 6 - [D(-) -a - (4 - n - octyl - 2,3 - dioxo - 1 
carbonylamino )phenylacetamido] penicillanate, 

p - morpholinoethyl 6 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 
carbonylamino ) phenylacetamido] penicillanate, 

£- morpholinoethyl 6 - [D( - ) - a - (4 - n - octyl - 2,3 - dioxo - 1 - piperazmo- 
carbonylamino) phenylacetamido] penitillanate, and 

methoxymethyl 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmo- 
carbonylamino ) phenylacetamido ] - 3 - methyl - A 3 - cephem - 4 - carboxylate. 

27. A compound according to Claim 1, 5, 6, 7, 8 or 9, wherein R 1 is a cation 
capable of forming a non-toxic salt. ; 

28. A non-toxic salt of a compound according to Claim 19, 20, 21, 22, 23, 24 or 

29. 6 - [D( — ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino ) - 
phenylacetamido]penidllanic acid or its non-toxic salt. 

30. 6 - [D(— ) - a - (4 - ethyl - 2^ - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido]penicillanic acid or its non-toxic salt 

31. 6 - [D(-) - a - (6 - methyl - 4 - ethyl- 2^ - dioxo - 1 - piperazinocarbonyl- 
amino)phenylacetamido] penicillanic acid or its non-toxic salt 

32. 6 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - p- 
hydroxyphenylacetamido]penicillanic acid or its non-toxic salt 

33. 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino ) - 
phenylacetamido] - 3 - [5 - (1,3,4 - thiadiazolyl) - thiomethyl] - A 3 - cephem - 4- 
carboxylic acid or its non-toxic salt 

34. 7 - [D( — ) - '« - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbonylamino)- 
phenylacetamido] - 3 - [2 - (5 - methyl - 1,3,4 - thiadiazolyl) - thiomethyl] - a 3 - 
cephem - 4 - carboxylic acid or its non-toxic salt . 

35. 7 - [D(— ) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A s - 
cephem - 4 - carboxylic acid or its non-toxic salt 

36. 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazinocarbony lamino ) - 
phenylacetamido] - 3 - [2 - (1 - methyl - 1,3,4 - triazolyl) - thiomethyl] - A 3 - cephem- 
4 - carboxylic acid or its non-toxic salt 

37. 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - 
phenylacetamido] - 3 - acetoxymethyl - A 8 - cephem - 4 - carboxylic acid or its non- 
toxic salt. 

38. 7 - [D(-) - a - (4 - methyl - 2,3 - dioxo - 1 - piperazmocarbonylamino) - 
p - hydroxyphenylacetamido] - 3 - [5 - (1 - methyl -1,2,3,4 - tetrazolyl) - thio- 
methyl] - A 3 - cephem - 4 - carboxylic acid or its non-toxic salt. 

39. 7 - [D( — ) - a - (4 - ethyl - 2,3 - dioxo - 1 - piperazinocarbony lamino) - 
phenylacetamido] - 3 - [5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thiomethyl] - A 3 - 
cephem - 4 - carboxylic acid or its non-toxic salt 

40. A process for producing a compound represented by the general formula (I), 
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wherein R, A, X 3 n, m, R u R 2 , Ra, Y and Z are as herein defined which comprises 
reacting a compound represented by the general formula (II), 



'JO 



R T -NH -R - CONH « , t 

°~ COOR, 



wherein R T represents a hydrogen atom, a silicon or phosphorous containing group, 
5 which is capable of easy removal by treatment with water or an alcohol; R, R x and 5 

\ 

/ 

are as defined above, with a reactive derivative in the (thio)carboxyi group of a com- 
pound represented by the general formula. (Ill), 

(X)„ 

A-N^N-C-OH m) 

*10 wherein A, X, Y, R 2 , R", n and m are as defined above. 10 
41. A process for producing a compound represented by the general formula (I), 

A-NTr N -s- NH - R - C0NH ~r~r s \ {1) 



COOR 1 

wherein A, Y, R, R», R 2 , R 2 , X, 



15 byto Sn^loSS'ciV) 38 ™ 4 °' WhiCh C ° mpriSeS reacting 8 com P° und represented 15 

COOR 1 

wherein R l , R T and 

\ 

/ 

20 are as defined in Claim 40, with a compound represented by the general formula (V), 20 

(X). 

A -W-?-"H-R-C-0H ,„ 

( R 2 R»J Y 0 
m 



wherein A, R, R 2 , R 3 , X, Y, n and m are as defined in Claim 40, or with a reactive 
derivative in the carboxyl group of the compound of formula (V). 

42. A process for producing a compound represented by the general formula (!')> 



(XL 



C - NH-R - CONH — * { > 

(R 2 «'>n> 0 T 

COOR 1 

wherein A, R, R 1 , R 2 , R 3 , X, Y, n and m are as defined in Claim 1 and R 4ft represents 
a cyano group, an azido group, a quaternary ammonium group, or a substituted or 
unsubstituted alkoxy, aryloxy, aralkoxy, acyloxy, carbamoyloxy, guanidino, amino, 
alkylthio, arylthio, aralkylthio, acylthio, tbiocarbamoylthio, alkoxythiocarbonylthio, aryl- 
oxythiocarbonylthio, cycloal^loxythiocarbonylthio, amidinothio, or heterocyclyhhio 
group, which comprises reacting a compound represented by the general formula (VI), 

(X) n 

A _NN-C -NH-R - CONH ( 



/"^N-C -NH-R-C0NH--| < \ 



wherein B represents a substituent capable of being easily replaced by a nudeophilic 
10 reagent; and A, R, R l , R 8 , R\ X, Y, n and m are as defined in Claim 40, with a com- 10 J 
pound represented by the general formula (VII), 

R 8 M (VII) 

wherein M represents a hydrogen atom, or an alkali metal or alkaline earth metal atom; 
and R* represents a cyano group, an azido group or an organic group linked through 
15 O, N or S, or with a tertiary amine. 15 
43. A process according to Claim 40, 41 or 42, wherein R is a group represented 
by the formula, 

R* 
I 



A. 



in which R* is as defined in claim 2. 
20 44. A process according to Claim 40 or 41, wherein 20 

CH, 

Z is C 

/ / \ 

CH. 

45. A process according to Claim 40 or 41, wherein 

Z is C— CH 2 R« 

/ // 

in which R 4 is as denned in Claim 40. „ 
25 46. A process according to Claim 40 or 41, wherein R is a 



i. 



in which R 5 is as denned in Claim 43, n is 1, m is 3, and X is an oxygen atom linked to 
the carbon atom at the 2-position of the piperazine ring. 
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47. A process according to Claim 40 or 41, wherein R is 

— CH— 



in which R 5 is as defined in Claim 43, n is 1, m is 3 and X is an oxygen atom linked 
to the carbon atom at the 3-position of the piperazine ring. 
5 48. A process according to Claim 40 or 41, wherein R is 



10 



in which R 5 is as defined in Claim 43, n is 2, m is 2 and the two X*s are oxygen atoms 
linked to the carbon atoms at the 2- and 5 -positions of the piperazine ring. 
49. A process according to Claim 40 or 41, wherein R is 

— CH- 10 



in which R* is as defined in Claim 43, n is 2, m is 2 and the two X*s are oxygen atoms 
linked to the carbon atoms at die 3- and 5 -positions of the piperazine ring. 
50. A process according to Claim 40 or 41, wherein R is 

— CH— 



A. 



15 in which R* is as defined in Claim 43, n is 2, m is 2 and the two X's are oxygen atoms 15 
linked to the carbon atoms at the 2- and 3-positions of the piperazine ring. 
51. A process according to Claim 42 or 45, wherein R is 

—CH— 



in which R 5 is as defined in Claim 43; n is 2; m is 2; and the two X's are oxygen 
20 atoms linked to the carbon atoms at the 2- and 3-positions of the piperazine ring. 20 
52. A process according to Claim 46, wherein 

CH* 

is C - 
' 'N* 
S3. A process according to Claim 47, wherein 

CH. 

Z is C 

/ / \ 

CH. 

25 54. A process according to Claim 48, wherein 

CH, 

^Z is C 
' /X CH. 
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55. A process according to Claim 49, wherem 

CH, 

\ ■» V . 

56. A process according to Claim 50, wherein 

V CH. 



/ C 



/ V 
CH, 



57. A process according to Claim 40, 41 or 42, wherem A is a hydrogen ato^w 
. substituted or unsubstituted alkyl, alkenyl, aryl or aralkyl group; and R* and R are 
individually a hydrogen atom or an alkyl group. 

58. A process according to Claim 40 or 41, wherein R is 



a 



- ch- - ch- 



n is 2; m is 2 and two X's are oxygen atoms linked to the carbon atoms at the 
3-positions of the piperazine ring, each pair of R* and R% which may be tne s 
different, are individually a hydrogen atom or a methyl group, A is a methyl ortfnyl 
group, R 1 is a hydrogen atom or a cation capable of f orrning a 



2- and 10 
same or 



non-toxic salt and 



Z is C t-^CH 2 R*, 

/ ' X CH» // 

15 in which R* is an acetoxy, 5 - (2 - methyl - 1,3,4 - thiadiazolyl) - thip, 5 - (1,3,4- 15 
thiadiazolyl) - thio, 2 - (1 - methyl - 1,3,4 - triazolyl) - thio, 5 - (1 - methyl - 1,2,3,4- 
tetrazolyl) - thio or 5 - (1,2,3,4 - tetrazolyl) - thio group. 
59. A process according to Claim 42, wherein R is 



20 n is 2, m is 2; two X's are oxygen atoms linked to the carbon atoms at the 2- and 3- 20 
positions of the piperazine ring; each pair of R 2 and R 3 , which may be the same or 
different^ are individually a hydrogen atom or methyl group; A is a methyl or ethyl 
group; and R 1 is a hydrogen atom or a cation capable of forming a non-toxic salt. 

60. A process according to Claim 42, wherein R 4 and R 8 are the same and selected 

25 from, 5 - (2 -methyl - 1,3,4 - thiadiazolyl) - thio, 5 - (1,3,4 - thiadiazolyl) - thio, 25 
5 - (1 - methyl - 1,2,3,4 - tetrazolyl) - thio, and 5 - (1,2,3,4 - tetrazolyl) - thio 
groups. 

61. A process according to Claim 40 or 41, wherein R 7 is a hydrogen atom. 

62. A process according to Claim 40, 41 or 42, wherein R 1 is a cation capable of 

30 forming a salt. 3C 

63. A process according to Claim 62, wherein the salt is a non-toxic salt 

64. A process according to Claim 40, 41 or 42 wherein R 1 is .selected from the 
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group consisting of ester-forming groups capable of being removed by catalytic reduc- 
tion, chemical reduction or hydrolysis under mild conditions and ester-forming groups 
capable of being easily removed owing to enzymes in a living body. 

65. A process according to Clam 40 or 41, wherein R 1 ..is a trialkylammonium. 

5 66. A process according to Claim 40, wherein the reactive derivative in die (thio) - 5 

carboxyl group of a compound of formula (III) is an acid halide. 

• 67. A process according to Claim 41, wherein the reactive derivative in the carboxyl 

group of a compound of formula (V) is a mixed acid anhydride. 

68. A process according to Claim 40 or 41, wherein die reaction is carried out in 

10 the presence of an acid-binding agent 10 

69. A process according to Claim 41, wherein the reaction is carried out in the 
presence of a dehydrating condensing agent 

70. A process according to Claim 40 or 41, wherein at least one of R 1 and R 7 is a 
silicon, or a phosphorus containing group capable of easy removal by treatment with 

15 water or an alcohol. 15 

71. A process according to Claim 40 or 41, wherein the reaction is carried out at 
a temperature of —60° to .+ 80°C. 

72. A process according to Claim 42, wherein B is a halo-substituted or unsubsti- 
tuted lower alkanoyloxy group. 

73. A process according to Claim 42, wherein B is an acetoxy group. 20 

74. A process according to Claim 42, wherein R 8 is an organic group linked 
through O or S. 

75. A process according to Claim 42, wherein the compound (VII) is selected 

from 



20 



N-N N-N N-N M— N N-N 



1 

CH. 



SH 



XL'-^tr ti a Ci 

CH s O SH, \ CHj , ^ SH# VsH, \ ^ 



CH. 

I 



r— N r-N y=-N v / s 

II I >-SH, 4 >SH, NoNj, CH 3 N N-C-SNa, 

s V N 1 



25 



CH, 



N-0 



C-SNa, C 2 H 5 0-C- SNa , and CH 3 0H. 
O S 



76. A process according to Claim 42, wherein the tertiary amine is pyridine. 
"30 77. A process according to Claim 42, wherein the reaction is carried out in a 

polar solvent at a pH of 2 to 10. 

78. A process according to Claim 42, wherein the reaction is carried out at a tem- 
perature of 0° to 100°C 

79. A process according to Claim 42, wherein B is a hetero aromatic amine N-oxide 
35 thio group having a thio group on the carbon atom adjacent to the N-oxide in the 

molecule, and the reaction is effected in the presence of a cupric compound. ■ 

80. A pharmaceutical composition containing as an active ingredient the compound 
as claimed in Claim 1. 
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